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A  SIMPLE  METHOD  FOR  THE  PURIFK'ATION 
OF  SHEEP  ACTIP 

LAWSON  L.  PvOSENBEKC;,  EDWARD  S.  EVANS  and 
MIRIAM  E.  SIMPSON 

Departitiint  of  Anatomy,  I'niversity  of  California,  liirkdey,  California 
ABSTRACT 

A  siinplt'  niotliod  is  ilcsorihcd  for  tlie  preptiration  from  sht'op  pituitiiries  of 
ACTH  of  100  U.S.P.  units/m}>;.  with  a  yield  of  50  m^./  kfi;-  "et  weifrht  of  julands. 

The  method  Involves  atpit'ous  extraetioii  of  ground  sheep  pitiiitaries  with  O.IN 
H('l,  removal  of  eoa^ulated  proteins  at  S5°  (’  and  jill  o.O,  oxycellulose  adsorp¬ 
tion  of  the  hormone  from  the  supernatant  and  elution  with  O.IN  HCl, 
followed  by  column  chromatography  on  IR('-50.  The  oxycellulose  eluate  iind 
the  IRC'-50  column  eluate  are  both  dialyzed.  The  .\C’TH  is  characterized  in 
hypophysectomized  rats  by  its  ability  to  increase  the  adrenal  weights  and 
reptiir  the  morpholosy,  decrease  the  thymus  wei>?hts,  deplete  adrenal  ascorbic, 
acid,  and  stimulate  caloriKenesis  and  erythropoiesis. 

Till']  followinfr  metliod  for  the  preparation  of  highly  active  adrenocorti- 
cotrophic  liornione  (AETII)  from  whole  slieep  pitiiitaries  (100  U.S.P, 
units  nifr.)  grew  out  of  the  study  in  this  laboratory  of  erythropoietically 
active  principles  of  the  pituitary  (1).  While  most  of  the  procedures  reported 
here  have  been  u.sed  previously  by  others,  the  method  is  proposed  because 
of  its  simplicity  and  the  good  yield  and  potency  of  the  product. 

MATERIALS  AND  METHODS 

Four  kilograms  of  twice  ground  frozen  whole  sheep  ])ituitaries  were  extractefl  in  two 
])ortions  of  two  kilograms  each  with  4  liters  of  O.IN  HCl  for  1  hr.  in  the  cold.  The  sus¬ 
pension  (pH  d.S)  was  immediately  adjusted  to  i)H  5.0  with  ON  NaOII  and  heated  over 
an  open  flame,  with  stirring,  to  85°  C  in  order  to  coagulate  the  major  portion  of  the  i)ro- 
tein.  The  clear  supernatant  separated  by  filtration  with  suction  was  immediately  cooled 
to  room  temperature.  The  residue  was  re-extracted  for  10  minutes  with  4  1.  of  114)  at 
room  temperature.  The  combined  filtrates  from  both  lots  measured  about  10  1.  (Uaeial 
aeetie  acid  was  added  to  the  filtrates  at  room  temi)erature  to  give  a  final  concentration 
of  0.1  N  acetic  acid  and  10  gm.  of  oxycellulose  was  added,  .\fter  20  hr.  of  stirring  at  room 
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t(“ini)craturc  tlu'  oxyc<‘llulose  was  allowed  to  settle,  the  supernatant  was  deeanted,  and 
the  oxyeellulose  was  eolleeted  by  eentrifusation.  The  oxyeellulose  was  Eastman  Oxidized 
Cellulose  Powder  11.97%  C'OOH  whieh  had  been  washed  prior  to  use  with  0.1  N  IIC'l, 
then  water  and  finally  IN  aeetie  acid. 

.\CTH  was  eluted  from  the  oxyeellulose  by  stirring  with  250  ml.  of  0.1  N  HC'l  for  1 
hr.  and  then  successively  with  three  100  ml.  portions  of  O.IN  HC'l.  The  eluates  were 
eolleet(‘<l  by  filtration  with  suction,  combined,  adjusted  to  pH  7  with  ON  NaOH  and 
lyophilized.  'I'he  dry  material  thus  obtained  was  dissolved  in  api)roximately  100  ml. 
IDO  and  dialyzed  (with  external  stirring)  against  12  1.  portions  of  cold  HoO.  The  dialysis 
water  was  changed  ev(>ry  12  hr.  during  4S  hr.  The  dialyzed  solution,  including  some  pre¬ 
cipitate  formed  during  the  dialysis,  was  then  lyophilized. 

The  entire  product  was  extracted  in  one  lot  with  300  ml.  0.05N  NaHCOs  and  a  small 
amount  of  insoluble  material  was  removed  by  centrifugation.  The  clear  extract  was 
passed  through  a  column  of  IRC-50  (2.2X30  cm.)  whieh  had  previously  been  equili¬ 
brated  with  0.05N  NaHC'O.,.  The  column  chromatography  was  done  in  a  cold  room  at 
5°  (’.  The  column  was  then  washed  with  0.05N  NaHC'Os  until  the  optical  density  at 
27S  mu  had  decreased  to  0.050  for  a  light  path  of  1  cm.  (approximately  1  1.  re(iuired). 
The  .VCTH  was  eluted  with  0.1 5N  NaHC'Oa  until  the  optical  density  of  the  eluate  had 
fallen  to  0.100  fora  1  cm.  light  path  (approximately  1  1.  required).  (In  the  initial  experi¬ 
ments  the  AC'TH  was  eluted  with  a  concentration  gradient  of  NaHC'C^s  (0.05N  to  0.15N) 
and  was  found  to  be  distributed  in  two  emerging  peaks.  Rioassay  showed  that  the 
material  contained  in  these  two  peaks  were  of  equal  adrenocorticotropic  potenc}",  and 
in  subseqiKuit  experiments  the  column  eluate  was  handled  as  one  fraction.)  The  eluate 
was  adjusted  to  aiiproximatel}-  pH  0  with  HC'l  and  then  dried  by  lyophilization.  The 
dried  eluate  was  taken  up  in  50  ml.  H;0  and  dialyzed  with  stirring  in  the  cold  for  32  hr. 
against  12  1.  of  H  .O  with  4  changes.  The  dialyzed  eluate  was  then  dried  by  lyophiliza¬ 
tion. 

Th(‘  .\C”rH  was  assayed  by  its  ability  to  increase  adrenal  weights  of  hyiiophysecto- 
mized  rats.  Eong-Evans  rats  were  hypophysectomized  at  40  daj-s  of  age  and  were 
maintained  on  a  modified  McC'ollum  dry  diet  I  (1).  .\  supplemental  wet  mash  of  the 
diet  was  given  once  a  day.  They  were  injected  intraperitoneally  once  a  day  for  four  days, 
beginning  four  days  post-operatively,  with  0.1  ml.  of  the  hormone  suspenchsl  in  a  5%, 
beeswax- peanut  oil  mixture  to  conform  to  the  conditions  of  the  test  as  described  by  Ei 
(2).  The  animals  were  autopsied  24  hr.  after  the  last  injection.  Completene.ss  of  hyjjo- 
ph3sectom\’  was  (h'termined  at  autopsv  bv  examination  of  the  pituitarj’  site  under  a 
binocular  dissecting  microscope.  The  adrenal  and  thvmus  glands  were  weighed  and  tlu* 
former  were  fixed  for  histological  examination  of  frozen  sections  after  staining  with 
Sudan  black.  The  a<lrenocorticotropic  potency  of  the  final  product  was  also  determined 
bv  the  adrenal  ascorbic  acul  depletion  assa.v  of  Sa.vers  et  al.  (3)  and  comiiared  with  a 
r.S.P.  standard. 

As  this  laboratorv  has  been  engaged  in  the  analysis  of  the  calorigenic  (4,  5)  ami 
erythropoietic  (1,  5)  activitj’  of  .VC'TH,  the  column  eluate  .\C'TH  was  eharaeterize<l 
with  respect  to  these  i)roperties.  Ei  has  also  used  these  methods  to  eharaeti'rize  «-eorti- 
eotroi)in  (2).  Femah>  rats  of  the  Eong-Evans  strain  were  hx’pophysectomized  at  2S  da.vs 
<if  age  and  wen*  us(‘d  for  assav  45  dax’s  later  in  order  to  allow  for  the  devedopment  of  the 
|)ost-h_vpo])hvsectom3-  anemia.  The  hormone  was  injected  subcutaneouslj'  in  0.1  ml.  of 
5%  be(>swax-peanut  oil  suspension  once  dail.v  for  fourteen  dajs.  Metabolic  rates  were 
measured  terminalh'  with  a  closed  circuit  respiration  apparatus  under  standardized  con¬ 
ditions  (0).  The  bloofl  volumes  of  the  rats  were  determined  at  autopsv,  24  hours  after 
the  last  injection  of  hormone  by  the  Fe"**  tagged  red  cell  dilution  method  (7).  Hematocrits 
were  determiiu'd  simultaneouslj-  and  the  r(‘d  blood  cell  volume  calculated  bj-  multijjlj'- 
ing  blood  volume  times  hematocrit. 
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RESULTS 


The  yield  of  the  oxycellulose  eluate  was  2.5  (from  4  kg.  wet  weiglit  of 
glands)  with  a  potency  of  9  U.S.P.  units  per  mg.  as  determined  by  the 
adrenal  weight  assay.  The  yield  of  the  final  product  obtained  by  column 
chromatography  of  the  oxycellulose  eluate  on  IKC-50  was  202  mg.  or  50 
mg.  per  kg.  wet  weight  of  glands.  The  potemw  determined  by  the  adrenal 
weight  assay  was  100  U.S.P.  units  per  mg.  and  by  the  ascorbic  acid  deple¬ 
tion  assay  was  97  U.S.P.  units  per  mg.  The  yield  of  final  product  represents 
almost  (piantitative  recovery  of  the  activity  present  at  the  oxycellulose 
eluate  stage,  and  compares  advantageously  with  the  yield  of  Li  ct  al.  (19)  of 
25  mg.  per  kg.  wet  weight  of  glands  at  the  IR(''-50  column  stage.  No  at- 


Fk:.  1.  .\(lronal  weif^ht  response  of 
liyp«")i)liys(“ctoniiz('<l  inalo  rats  to  IRC  oO 
coluinn  (“luatc.  Each  point  represents  data 
from  12  rats,  the  vertieal  lines  indieatiiifj 
tin*  standard  errors. 


tempt  was  made  to  determine  (piantitatively  the  activity  present  in  the 
original  crude  acid  extract  of  the  glands.  It  was  possible  to  recover  addi¬ 
tional  ACTH  activity  from  the  crude  extract  by  repeating  the  oxycellulo.se 
adsorption  step,  but  this  additional  material  could  not  be  purified  to  high 
specific  activity  by  column  chromatography  on  lKC-50  as  described. 
ACTH  was  prepared  a  total  of  four  times  by  the  procedures  described  here 
with  reproduciI)le  re.sults.  The  yield  of  final  material  varied  from  .")()  to  (iO 
mg.  per  kg.  wet  weight  with  a  specific  activity  of  100  ILS.P.  units  per  mg. 
in  each  ca.se. 

Figure  1  shows  the  adrenal  weight  response  in  relation  to  dosage  of  the 
final  product.  The  solid  line  is  constructed  from  Li’s  ecpiation  for  response 
to  a-corticotropin  of  potency  150  U.S.P.  units  mg.  (2).  The  dotted  line  is 
calculated  from  the  same  equation  for  ACTH  of  poteiicy  of  100  L'.S.P. 
units 'mg.  The  response  of  the  preparation  corresponds  closely  to  this  cal- 
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culated  line.  The  adrenal  weights  were  significantly  increased  by  5  mK-  pe*' 
day  for  four  days.  This  same  dosage  initiated  repair  of  adrenal  morphology 
as  judged  by  increase  of  width  of  cortex,  by  finer  lipid  droplets  with  more 
uniform  distribution,  by  reduction  of  the  subglomerular  lipid-free  zone, 
and  partial  reconstitution  of  the  zona  reticularis. 

Table  1  shows  the  efficacy  of  the  product  in  stimulating  calorigenesis  and 
erythropoiesis  in  hypophysectomized  rats.  Doses  above  10  fig.  per  day  were 
re(iuired  to  cause  a  significant  mcrease  m  calorigenesis,  adrenal  weight  and 
red  cell  volume,  and  a  decrease  in  thymus  weight.  Complete  reinstatement 
of  the  deficiency  in  calorigenesis  and  red  cell  volume  of  the  hypophysecto¬ 
mized  rats  was  obtained  with  doses  of .)()  fig.  and  100  fig.  per  day.  Xo  weight 
loss  of  these  A(,'T1 1 -injected  animals  occurred.  The  stimulation  to  calori- 


TaBLK  1.  C’ALORKiEMC  AMJ  EKYTHKOPOIETIC  KESl’ONSE.S  UK  MYPUPII YSECTUMIZEl) 
HATS  TO  COLI  MX  PRODl CT* 
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Body  weidlit, 
din. 

Hpmatocrit 

% 

Hp(1  ppII  vol- 
unip,  ml./ 
din.  H\V  100 

.Vdrpnals, 

nid- 

"  1 

Thymus, 

nid. 

Mptabolic 
latp,  ('al./ 

Initial 

Final 

m.-/hr. 

0 

74  1 

78  ' 

30.1  +0.0** 
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107+  5 

10.5+0.8 
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72 

81  , 
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10 
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8») 
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1 .40+0.07 
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1  21 .1  +0.0 

25 

75  ! 

83 

43.7  +  1.4 

2.11  +0.00 
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<  10 

!  27.0  +  1  .2 

.50 

^  To 

,  80 

47.0+3.3 

2.30+0.15 

1  23+3 

1  <  10 

;  30.7  +  1.1 

100 

Xormal 

75 

I  82 

47.0  ± 1  .3 

2.43±0.13 

,  30  ±3 

<  10 

32.2+0.7 

(samp  adp) 

i 

j  105 

;  43.5+0.5 

2.42  ±0.00 

51  ±3 

i  243  +  14 

'  33.5  +  1.1 

*  r»  nits  per  ^roup. 

**  Finuri's  jirpcpdcit  by  +  arc  standard  I'lTors  of  tlic  means. 


genesis  was  not  due  to  contamination  of  the  ACTH  with  thyrotrophic 
hormone.  The  ACTH  was  assayed  for  thyrotrophic  hormone  activity  in 
hypophysectomized  rats  maintained  on  low  iodide  diet  Ity  determining  I*®* 
uptake  of  the  thyroids  of  the  injected  animals.  Xo  TSH  activity  was  detect¬ 
able  in  a  four-day  test  at  a  total  dosage  of  3  mg.  administered  in  saline  or 
100  fig.  administered  in  the  beeswax-peanut  oil  vehicle,  nor  in  a  fourteen 
day  test  at  a  total  dosage  of  1  mg.  administered  in  beeswax. 

DISCUSSION 

Of  the  extraction  methods  used  to  obtain  ACTH  from  the  pituitary, 
acpieous  extraction  has  usually  been  reported  to  be  ineflKcient  (<S,  9).  Ex¬ 
traction  with  acidified  acetone  has  been  used  very  succes.sfully  (10,  11,  12) 
as  has  extraction  with  hot  glacial  acetic  acid  (13).  As  reported  here  O.IX 
HCl  in  water  is  an  adequate  extractant  of  ACTH  from  sheep  pituitaries 
and  yields  a  solution  which  can  be  handled  simply  and  effectively  for  fur¬ 
ther  purification  of  the  hormone.  Xeces.sity  for  the  use  of  the  very  large 
volumes  of  acetone  or  of  glacial  acetic  acid  is  thus  obviated.  Heating  of  the 
aipieous  extract  removes  the  bulk  of  the  protein.  (This  coagulation  proce- 
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dure  was  adapted  from  a  method  used  by  van  Dyke  (14)  for  the  prepara¬ 
tion  of  a  pituitary  erythroj)oieti(*  stimulant,  which  in  turn  was  based  on  the 
method  of  Morsook  (lo)  for  the  preparation  of  plasma  eiythropoietin. 
Collip,  Anderson  and  Thompson  (lb)  had  much  earlier  shown  that  pitui¬ 
tary  extracts  boiled  for  lit)  minutes  still  possessed  adrenocorti(*otropic 
activity  as  shown  by  adrenal  repair  in  hypoplix'sectomized  rats.)  The 
oxycellulose  adsorption  method  of  Astwood  vt  (il.  (17)  was  api)lied  directly 
to  the  supernatant  after  heating-  Column  chromatof?raphy  of  ACTH  on 
IRC-oO,  ori{>:inally  introduced  by  Dixon  (IS),  was  used  here  under  condi¬ 
tions  essentially  those  of  Li  ct  (d.  (H)).  At  two  stages  in  the  procedure  for 
preparation  of  AC^TIl  desci’ibed  here  (oxycellulose  eluate  and  llK'-oO 
column  eluate),  solutions  of  the  hormone  at  pH  b  were  dialyzed  against 
water  for  considerable  periods  of  time.  In  the  case  of  the  IU('-.")()  column 
eluate  the  duration  of  dialysis  was  crucial.  This  dialysis  separates  a  larj'e 
(plant ity  of  salt  from  a  relati\  ely  small  weight  of  polypeptide  hormone;-  if 
inadecpiate  time  is  allowed  for  dialysis  the  product  will  have  a  low  specific 
activity  while  if  dialysis  is  too  prolonged,  loss  of  ACTH  occurs.  It  has  been 
shown  by  several  {groups  of  workers  including  Tyslowitz  (20),  (Jeschwind 
cl  (fl.  (21),  and  Cortis-.Jones  cl  al.  (22)  that  .VC'TII  passes  through  cello¬ 
phane  membranes.  The  results  of  the  latter  workers  indicate  that  this 
effect  is  minimal  at  pH  b. 

The  method  described  here  represents  a  simplification  of  existing  meth¬ 
ods  for  the  purification  of  .ACTH.  Four  kg.  of  glands  were  easily  extracti'd 
at  one  time  and  the  succeeding  steps  were  carried  out  on  the  product  from 
this  total  starting  material.  The  yield  of  202  mg.  product  from  HK'-oO 
chromatography  represents  an  excellent  yield  from  4  kg.  wet  weight  of 
glands. 
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STUDIES  OX  THE  STATE  OF  INSULIN  IN  BLOOD: 
THE  STATE  AND  TRANSPORT  OF 
INSULIN  IN  BLOOD! 

HARPY  N.  ANTONIADES 

Protein  Foundation  Laboratories,  Jamaica  Plain,  Massaehusetts 
ABSTRACT 

Studk's  ])rcsont(‘(l  in  this  communiciition  that  a  niajor  fraction  of 

insulin  in  blood  circular's  in  a  complex  form  with  other  substances,  more  sjjc- 
(•ifieally,  basic  proteins.  'I'he  basic  prot('in-insulin  comi)h'x(es)  in  blood  eouhl 
be  adsorbed  on  cationic  exehan}^('  resin,  in  the  sodium  form,  and  could  be  elut<‘d 
from  the  resin  by  acid  or  alkali.  C'ontrol  experiments  ilemonstrated  that  under 
identical  conditions  free,  crystalline  insulin  could  not  be  adsorbed  on  this 
resin. 

Blood  insulin  in  its  complex  form  did  not  exhibit  full  insulin  activity  when 
examined  by  in  vitro  assays.  Full  insulin  activity  could  be  demonstrated  by 
dissociation  of  the  insulin  from  its  eomi)lex(es)  either  throu}!;h  iso('h'ctric  pre¬ 
cipitation  of  the  carrier  i)rotein(s)  or  by  incubation  of  the  insulin  comi)lex(es) 
with  human  or  rat  adipose  tissue  extracts. 

The  transport  of  insulin  in  blood  by  basic  proteins  may  serve  as  a  rcf^ulatory 
mechanism  of  insulin  activity  through  the  etiuilibrium  between  “bound”  and 
“unbound”  insulin. 

I.\TROI)U('TIOX 

Earlier  reports  l)y  the  aiitlior  aiul  collaborators  (l-o)  sufifrested  that 
insulin,  measured  as  insulin-like  activity,  in  human  blood  and  in 
human  and  bovine  pancreas  is  in  a  complex  form  with  other  substances, 
more  specifically,  basic  proteins.  The  blood  and  pancreatic  insulin  com¬ 
plexes  could  be  adsorbed  on  cationic  exchange  resin  (Na^  cycle)  and  could 
be  eluted  from  the  resin  by  acid  or  alkali.  Control  experiments  demon¬ 
strated  that  under  identical  conditions  free,  crystalline  insulin  could  not  be 
adsorbed  on  this  resin. 

There  is  evidence  .suggesting  that  the  blood  insulin  complexes  eluted 
from  the  resin  by  acid  or  alkali  did  not  exhibit  full  insulin-like  activity  ((>) 
when  they  were  examined  in  vitro  by  the  rat  diaphragm  tissue  assay,  as 
employed  in  these  studies  (7).  Increased  insulin-like  activity  was  demon¬ 
strated  upon  centrifugation  of  the  resin  eluates  at  pll  B.S  ((})  or  by  incuba¬ 
tion  of  the  resin  eluates  with  rat  or  human  adipo.se  tissue  extracts  (S). 

Recc'ivod  .Vpril  21,  19(50. 

’  Those  studios  wore  supixutod  in  part  b}-  the  Xational  Foumlation,  and  the  Kli  Lilly 
(’om|)an\'.  The  blood  serving  as  a  .souroc  for  the  insulin  and  basio-protoin-insnlin  oom- 
plo.xos  studied  was  eolleeted  and  proeessed  under  a  grant  (H-2929)  from  Xational  Heart 
Institute. 
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Tliese  ohsei  vations  were  made  under  condition;'  specified  in  tliis  communi¬ 
cation  and  elsewliere  (ti,  S).  Tlie  results  may  differ  wlien  other  methods  of 
insulin  assay  are  employed  since  ditl’erent  tissues,  or  even  the  same  tissue 
handled  differently,  may  utilize  the  insulin  from  its  complexed  form. 

The  present  communication  describes  in  detail  studies  concerned  with 
the  state  of  insulin  in  blood  and  methods  employed  for  the  extraction  and 
purification  of  the  insulin  complex(es). 

MATERIALS  AXD  METHODS 

Preparation  of  the  resin:  'I'wo  cationic  cxcliauKC  resins  were  i)riinarily  employed  in 
tlu'se  studies:  Dowex'-.'iOXS  (mesli  2.5- .50)  and  l)owex-.50X2  resin  (mesh  oO-lOO). 
Tlie  resin  was  converted  to  the  sodium  form  l)y  the  procedure  descril)ed  below,  which  is 
standard  method  for  tin*  i)n‘paration  of  the  resin  l)ow(>x-.50  XS  for  routim'  blood  collec¬ 
tion.  The  introduction  of  cationic  exchange  resin  (Xa"*'  cycle)  for  blood  collection  is 
based  on  the  exchaiiffc  of  blood  ('a"'''*'  for  2  Xa"*"  of  the  resin  (4).  The  removal  of  Ca'*'''' 
from  blood  by  the  resin  prevents  blood  coagulation  ami  provides  a  method  for  blood 
collection  without  the  use  of  anticoagulants. 

Procedure:  One  liter  of  wet  resin  on  the  cycle  is  placed  in  a  Buchner  funnel  and  is 
washed  with  6  liters  of  distilled  water. 

The  resin  is  washed  with  3  liters  of  6  M  sodium  chloride  solution,  followed  by  wash¬ 
ing  with  3  liters  of  distilled  water.  The  pH  should  be  about  2.7.  The  resin  is  washed  with 
one  liter  of  M  20  Xa-HPOrTHsO  (Bakers)  solution  followed  by  washing  with  3  liters 
of  0.15  M  sodium  chloride.  The  final  pH  should  be  0.0  ±0.4. 

The  pH  of  the  resin  is  determined  as  follows:  .Vpproximatelj-  1  ml.  of  resin  beads  is 
c<pnlibrat(‘d  with  5  ml.  of  M  100  sodium  sulfate.  The  resin  beads  an'  allowed  to  settle, 
ami  the.  pH  is  measured  on  the  sup»‘rnatant  solution. 

Assays  for  insulin-like  activity:  The  in  vivo  assay  for  insulin-like  activity  employed 
in  these  stmlies  utilizes  the  hypophvsectomized-alloxanized  rat  and  is  based  upon  tlu' 
diminishing  increment  of  blood  glucose,  which  occurs  in  response  to  insulin  injection, 
following  gavage  with  the  polysaccharide  dextrin  (9). 

In  vitro  assays:  (a)  Pat  adipose  tissue  assay:  This  assay  is  bast'd  upon  the  effect  of 
insulin  on  the  itroduction  of  from  glucose-('*^  by  this  tissiu'  (10).  (b)  Rat  diaphragm 
tissue  assay:  The  rat  diaphragm  tissue  assay  is  based  on  the  increment  in  glucose  uptake 
by  this  tissue  in  the  itresencc  of  insulin  (7). 

Insulin-1'^'  employed  in  these  studies  was  obtained  from  the  Abbott  Laboratories, 
Oak  Hidgt',  Tennessee,  and  had  a  specific  activity  of  5  to  10  me.  i)er  mg.  of  insulin. 

Paper  electrophoresis  runs  were  carried  out  on  the  S|)inco  model  H  at  i)H  7.0  (jdios- 
phate  bufft'r,  ionic  strength  O.I).  The  material  was  applied  on  4  by  31  cm.  S  and  S  470 
l)ai)er  strips  and  was  run  for  10  hours  at  2°  ('  and  40  ma. 

Adsorption  of  blood  insnlin-like  activity  on  the  resin  (.Yu'*'  cycle):  Whole  blood  or 
serum  is  ])assed  through  a  column  containing  l)owex-.50  resin  (Xa"*"  cych*)  at  a  rate  of 
20  ml.  pc'r  minute.  Approximately  ISO  ml.  of  l)owex-.50  resin  are  used  per  liter  of  blood 
or  serum.  In  routine  blood  colh'ction  .500  ml.  of  whole  blood  are  collected  through  a  col¬ 
umn  (10X3.5  cm.)  containing  about  90  ml.  of  wet  resin. 

Following  the  tn-atment  of  blood  or  serum  with  the  resin,  the  column  is  washed  re- 
peatedh’  with  cold  0.15  M  sodium  chloride  solution  in  order  to  remove  the  contaminat¬ 
ing  proteins  (Fig.  1). 

Elution  of  insulin-like  activity  from  the  resin:  The  elution  of  insulin-like  activity  from 
the  n  sin  has  been  accomplished  with  either  one  of  the  following  i)rocedurcs: 

*  Dow  Chemical  Company,  Midlaml,  Michigan. 
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Whole  lilood  or  Sennu 

1 

C'atioiiic  l'-\ch!iiim‘  Hc.siii  (Xa'  C'ycli') 

(I  /O  Flood  or  Scrum  Volunu') 

I 

Hcsin  Column  is  Washed  with  Cold  O.lo  M  XaCI 

I 

LIution  of  Insulin-Lik<‘  Activity 

.1  ! 

Acid  I'dution  (|)H  2  3)  Alkaline  I-,lution  (i)H  10.5) 

(4  Wet  Resin  Volumes;  24  Urs.)  (.J  Wet  Resin  Volume;  5  Minutes) 

O.IX  H.SOi  I 

O.IXHCI 

0.2  M  (.’it rate  ( 

IXXH4OH 
O.IX  XH4OH 

I 

pll  7.0  ±0.2;  Dialysis;  Lyophili/.ation  I 

1)H  7.0  ±0.2;  Dialysis;  Lyo])hilization 

Fig.  1.  Extraction  of  iusulin-like  activity  from  human  blood  or  .scrum. 

Acid  elution:  Acid  solutions  such  as  O.IX  H2SO4,  O.IX  HCl  or  0.2  M  citric  acid  have 
been  employed  for  the  elution  of  insulin  at  pH  2.0.  The  resin,  following  blood  or  serum 
treatment,  was  washed  with  0.15  M  sodium  chloride  solution,  eluted  two  times,  using 
each  time  two-resin  volumes  of  acid  for  12  hours  at  2°  C',  and  finally  washed  with  one- 
resin  volume  of  cold  distilled  water.  The  combined  eluates  and  washes  were  brought  to 
1)H  7.0  ±0.2,  then  dialyzed  overnight  against  ten  volumes  of  0.02  M  sodium  chloride  so¬ 
lution  and  finally  lyophilized.  The  dry  powder  was  collected  and  stored  at  2°  C  or  dis¬ 
solved  in  the  minimum  possible  volume  of  distilled  water  and  stored  at  —20°  C. 

Alknli  elution:  The  resin,  following  washing  with  cold  0.15  M  sodium  chloride  solu¬ 
tion,  was  eluted  with  J  resin  volume  of  ammonium  hydroxide  (0.1  M  or  1  M).  The 
alkaline  effluent  was  collected  in  j  resin  volume  of  O.IX  H2SO4  (pH  2. .5)  in  order  to  avoid 
a  long  I'.xposure  of  the  insulin  solution  at  high  pH.  Fdution  with  alkali  should  be  accom¬ 
plished  within  5  minutes.  The  resin,  following  alkali  elution,  was  washed  with  i  resin 
volume  of  distilled  water,  and  the  pH  of  the  combini'd  eluates  and  washes  was  adjusted 
to  7.0  ±0.2.  The  combined  eluates  and  washes  were  dialyzed  overnight  at  2°  C  against 
0.02  .M  sodium  chloride  and  finally  lyophilized. 

RESULTS 

I nsulin-complcxcs  in  blond:  The  results  obtained  with  the  metliods  de- 
s(*nl)ed  are  summarized  in  Tables  1  and  2.  The  various  lots  of  resin  eluates 
were  from  pooled  samples  obtained  from  four  to  fifty  donors  (1  to  10  liters 
of  blood  or  .serum). 

The  data  show  that  the  amount  of  insulin  in  the  resin  eluates  depemls  on 
the  individual  insulin  as.say,  on  the  conditions  of  the  resin  eluates  with 
regard  to  dialysis,  the  choice  of  the  eluant,  and  the  di.ssociation  of  the  in- 
.sulin  complex(es).  Treatment  of  the  resin  eluates  either  at  pll  0.8  or  by 
incubation  with  rat  adipo.se  tissue  extracts  relea.ses  a  many-fold  increase  of 
insulin  activity  (Table  2). 

The.se  data  suggested  that  the  insulin  in  the  resin  eluates  is  pre.sent  in  a 
complexed  form.  Centrifugation  of  the  resin  eluates  at  pi  I  0.8  (which  re¬ 
moves  the  basic-protein (s),  leaving  the  insulin  in  the  supernatant  fluid)  or 


10 


AXTONIADKS 


Volume  68 


'I'aKI.K  1.  I.\st  I.I.N-I.IKE  ACTIVITY  (IF  KESIN  El.l  ATES 


Lot  Xo. 

Dialysis 

Hat  adipose  tis¬ 
sue  assay 

Hat  diaphragm 
tissue  assay 

— 

l']|uant 

Dialvzed 

(1)1 

Insidin  in  | 

Insulin  in 

Hlood  (It) 
Serum  (S) 

fudia- 

Ivzed 

(TX) 

mu  p(T 
mji.  iii- 
tro}i:(u» 

mu  per 
liter  of 
])lasma 

mu  per 
mg.  ni¬ 
trogen 

mu  per 
liti'r  of 
plasma 

(»n  (Hi 

0.2  M  citrate;  pH  3.0 

(D) 

.  _ 

120 

(ll(')  (H) 

0.1  N  H.SOi:  pH  2.0  1 

(D) 

t 

45 

0 

0 

02.i  (Si 

0.2  .M  citrate;  pH  2.0 

(1)1 

30 

1.50 

ti 

.50 

028  (S) 

0.lXHCl;pH2.0  I 

I  (LX) 

20 

80 

— 

— 

0.52  (H) 

0.1  X  XH,OH;  pH  10.5 

(D) 

1  .4 

20 

0 

0 

0.57  (H) 

071  (Hi 
072  (H) 
080  (Hi 
07.3  (H) 

101  * (H) 

1  X  XHdiH;  pil  11  .0 
0.1  X  XH,(>H;pH  10.5 

1  X  XHdHl;  pH  11  .0 
0.1  X  XHi()H;pH  11  .0 

1  X  XHd>H;  i)H  11.5 
0.1  X  XILOH;  pH  10.5 

1  X  XH,<)H;  pH  11  .0 

(D) 

(TX) 

(fX) 

(D) 

(l^X) 

(D) 

13.8 

23 

0.2 

2.5 

2.7 

1 

10 

0.4  1 

10 

80 

80 

7 . 5 
.5.5 

7.2 

*  Lot  101  pooled  eluates  (ircpared  Loth  with  0.1  N  and  1  N 


iiiciiltatioii  at  '-i7°  C  with  adipose  tissue  extracts,  liberated  the  insulin  from 
its  complex,  resulting  in  an  increased  insulin  activity. 

The  insulin  activity  of  the  “untreated”  resin  eluates  (Table  1)  tlepends, 
as  indicated  above,  on  the  choice  of  eluant  and  the  dialysis  of  the  resin 
eluates  prior  to  insulin  assay.  Citrate  eluates  yielded  higher  insulin  values, 
which  suggests  that  citrate  removes  part  of  the  insulin-binding  substances 
by  forming  insoluble  complexes  with  them  when  eluting  with  citrate  at  pH 
2-:b 

Dialysis  of  the  resin  eluates,  following  acid  or  alkali  elution,  also  affects 
the  insulin  activity  (Table  1).  Undialyzed  samples  diluted  .o  to  10  times 


Table  2.  1  nsi'i,i\-i,ike  activity  of  resin  ei, cates  follow i. no  ckntri- 

FCOATION  AT  1)11  0  8*  OR  INCCBATION  WITH  ADIPOSE  TISSCE  EXTRAI’Tst 


Lot  Xo.  j 

1 

1 

Kluant  1 

1 

Hat  diaphragm  tissue  a 

issay 

1 

Without  Centrifugation  ' 

treatment  '  at  j)H  0.8*  | 

Ineubation  with 
adijiosi'  tissue 
extracts! 

Hlood  (Hi; 
Serum  (S) 

Insulin  in  Insulin  in 

Insulin  in 

mu  per  ' 
mg.  ni- ' 
trogen 

mu  per  '  mu  per 
liter  of  1  mg.  ni- 
plasma  trogen 

mu  piT 
liter  of 
])lasma 

mu  per  1 
1  mg.  ni-  1 
!  trogiui 

mu  piT 
liter  of 
plasma 

010  (H) 

i  0.1  X  H  SO,:  pH  2.0 

0 

0  7 

35 

i  35 

225 

0.52  (H) 

;  0.1  X  XH40H;pH  10.5 

i 

0  5 

51 

080  (H) 

1  0.1  X  XH«OH;pH  11  .0 

;  1 

7 . 5  j  — 

— 

1  20 

1.50 

081  (H) 

0.1  X  XH40H;pH  10.5 

1  0 

0  — 

— 

1  5 

120 

101  (H) 

Iro.l  X  XH,OH;pH  10.5 

1  0.44 

7  2  _ 

— 

i 

180 

1  X  XH.OH;  pH  11  .0 

1 

1 

*  .\ssaypd  for  iiisulin-likc  activity  followitiK  centrifuKation  of  the  eluates  at  |)H  !>.8. 
t  A.ssayed  for  iiisulin-like  activity  following  incubation  of  the  eluates  with  human  or  rat 
adipose  tissue  extracts. 
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witlj  (ley  and  (ley  bicarbonate  buffer  showed  higher  insulin  levels  than 
samples  prepared  similarly  and  assayed  after  being  dialyzed  for  12  to  4S 
hours.  These  observations  indicate  that  the  insulin  complexes,  which  are 
dissociated  during  acid  or  alkali  elution,  mav  recombine  slowlv  at  neutral 
pii.  r  ndialyzed  samples  therefore  contain  a  larger  portion  of  “free”  in¬ 
sulin,  whereas,  during  the  dialysis  of  resin  eluates,  insulin  recombines  with 
its  binding  substances,  resulting  in  leduction  or  disappearance  of  insulin 
activity  when  tested  with  the  rat  diaphiagm  tissue  assay.  The  insulin 
activity  may  be  recovered,  as  described  above,  upon  dissociation  of  the  in- 


Fk;.  2.  Paper  electrophoresis  of  blood  insulin  eoneentrate*  (eitrat(‘  elnatest). 

*  The  insulin  concentrate  anil  the  plasma  control  were  a|)plic(l  on  paper  strips  (S  and 
S  170),  snbji'Cted  to  (dectrophorcsis  for  10  hours  at  40  ina.  I'lie  paper  strip  earryinii  the 
plasma  control  was  developed,  and  the  paper  stri])s  Ciirryiiif;  the  insulin  concentrates  (dupli¬ 
cate  ex|)criment)  were  cut  into  five  sections:  Tlie  albumin  (A),  A«i-nlobulin,  <»...-y;lobulin, 
d-itlobulin  and  y-fjlobulin.  The  proteins  were  extracted  from  eaidi  jiaper  cut  with  l.a  ml.  of 
Kri'bs’  bicarbonate  bufTer  and  were  assayed  for  insulin  activity  by  the  rat  adipose  tissue 
assay  (10). 

t  It  is  sufSKested  that  the  insulin  in  the  citrate  eluates  is  in  the  ••free”  slate,  the  insulin- 
bindiii)'  basic  ])roteins  having  formed  insoluble  comjilexes  with  the  citrate. 


stdin  from  its  complex(es)  with  ceutrifugatiou  at  pll  B.S  or  by  iiicubatiug 
the  eluates  with  rat  adipose  tissue  extracts  (Fig.  2). 

('ationir  character  of  insuliu-bitiding  substances:  Insulin  at  physiologictd 
pH  is  a  negatively  charged  molecule.  Human  blood  insulin,  liberated  from 
its  complex  during  the  elution  of  the  resin  with  citrate  (pH  2.0),  migrates 
on  paper  electrophoresis  (pH  7.0)  as  an  anion  (Fig.  2).  The  adsorption  of 
blood  insulin  on  a  basic  exchange  resin  therefore  suggests  that  insulin  in 
blood  is  transported  as  a  complex  with  other  substances  of  higher  isoelec¬ 
tric  points  (1-2),  possibly  basic  proteins,  the  insidin  complex  being  ad¬ 
sorbed  to  the  resin.  A  diagrammatic  representation  of  this  supposition  is 
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Fig.  3.  Diagrammatic  representation  of  the  atlsorption  of  the  blood 
basie-protein-insulin  complex  on  the  resin. 

pre.sented  in  Figure  d,  indicating  that  blood  in.sulin  i.s  adsorbed  on  the 
resin  “indirectly”  through  the  binding  of  its  cationic  carrier. 

Insulin-binding  basic  protcin{s):  Dialysis  of  resin  eluates  at  acid  (pH 
2.0-d.O)  or  neutral  pH  for  12  to  4S  hours  did  not  remove  the  insulin-bind¬ 
ing  substances.  This  ob-servation  suggested  that  the.se  substances,  which  at 
low  pH  dissociate  from  insulin,  are  micromolecules,  possibly  of  a  protein 
nature.  Concentrates  of  the  insulin-binding  .substances  were  prepared  from 
re.sin  eluates  by  precipitation  at  pH  9.8  and  removal  of  the  precipitate  by 
centrifugation.  Such  precipitates  from  resin  eluates,  ecpiivalent  to  about  40 
liters  of  plasma,  were  pooled  and  dissolved  in  0..')  ml.  of  acetate  buffer  (0.1 
M),  pH  4.0.  .\  sample  of  this  preparation,  ecpiivalent  to  about  10  liters  of 
original  plasma,  was  applied  on  paper  strips  (S  and  S  470)  and  was  sub¬ 
jected  to  electrophoresis  in  phosphate  buffer  ( F,  2  0.1,  pH  7.4)  for  Hi 
hours  at  2.7°  C  and  at  40  ma.  Figure  4  shows  the  presence  of  a  protein  on 
the  paper  strip,  stained  with  ninhydrin,  having  a  large  basic  net  charge. 

These  studies  suggest  that  the  .sul)stances  binding  the  insulin  in  blood 


Oistonce  -  cms. 

-7  *6  -5  -4  -3  -2 

-1  C 

)♦!  23  4567  89 

Phosphate,  pH  7.4, 
r/2  0  1,  2*C. 

Basic  Proteins 

i 

B 

1 

Plasma  Control 

i  1 

Blood  Basic  Protein 
Concentrate 

1 

Fig.  4.  Paper  clectroplioresis  of  l)loo(l  l)asic-prot(Mn(s)  concent rat(‘* 

Ijrcparcd  with  the  use  of  cationic  exehtinge  resin  (Xa"^  cycle). 

*  Coneentrate.«  of  the  insul'n-bindiiig  basic  j)rr)tein(s)  wi'n*  prepared  from  resin  eluates 
l>y  precipitation  at  pH  tt.S  and  removing  the  ju'ccipitat*'  by  centrifugation.  Sucdi  i)recipitate.s 
from  resin  eluates,  equivalent  to  about  4U  liters  of  j)lasma,  were  pooled  and  dissolved  in  ()..i 
ml.  of  acetate  buffer  (0.1  M)  pH  4.0. 
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TaBI.E  3.  ADDED  in  vitro  Tt)  I’NDII.irTED  BI.OOD  SERI'.Mf  AND 

TREATED  WITH  CATIONIC  EXCIIANOE  RESIN  (Nil  ‘  FORM) 


Before  resin  treatment 
e/m/ml.  serum 

.\fter  resin  treatment 
e/m/ml.  serum 

8(i,2()7 

70 ,30.5 

22,  ()()(( 

21 ,000 

(>0,2.50 

00,080 

84,034 

83,804 

80, 0,54 

80,510 

80,207 

70,030 

12,305 

12,202 

5 ,005 

5,000 

2,128 

2,100 

*  The  iiinoiiiit  of  Iiisiiliii-I added  to  serum  varied  from  5  nii  to  2(10  nn  jier  m|.  of  un¬ 
diluted  serum. 

t  Iiieuhated  at  2°  ('  ami  25°  C'  for  5  minutes  and  24  hours. 

Blooil  serum  volume:  50  to  100  ml. 


are  proteins  with  a  .strongly  basic  character,  wliich  explains  the  adsorption 
of  the  complex  on  the  base  exchange  re.sin.  The  insulin-binding  protein(s) 
in  blood  were  therefore  designated  as  the  blood  insulin-binding  basic  pro¬ 
teins,  the  word  “basic”  being  used  to  show  the  cationic  character  of  the  pro- 
tein(s).  Similar  insulin  complexes  have  been  identified  in  human  and  bovine 
pancreas  (8),  and  the  word  “blood”  or  “pancreas”  should  be  used  to  de¬ 
fine  the  origin  of  the  various  preparations. 

Specificity  of  the  blood-basic  protein  insulin  eomple.r{es) :  At  the  present 
time  it  is  not  known  whether  the  pre.sence  of  the  insulin  complex  in  blood  is 
the  re.sult  of  non-specific  interaction  of  insulin  and  basic  proteins  or 
whether  the  insulin  complex  is  specific,  being  generated  in  certain  specific 
sites  of  the  body. 

From  the  data  in  Tables  8  and  4  it  appears  that  there  is  no  excess  of 
“free”  insulin-binding  ba.sic  proteins  in  the  blood  stream.  Insulin-1''*' 
added  in  vitro  to  undiluted  serum  or  administered  intravenously  to  non¬ 
diabetic  .subjects  was  not  adsorbed  on  the  cationic  exchange  resin  (Na+ 
cycle).  It  is  possible  that  the  added  insulin-I''*'  was  bound  by  blood  proteins 
other  than  the  insulin-binding  ba.sic  proteins.  The  criteria  for  the  insulin- 


TaBI.E  4.  InsI  I.IN-I”'  INJEFTED  INTRAVENOI'SI.V  TO  N< )N-DI A BETK'  SI  B.IEI  TS* 


Exjieriment  ! 

Blood  simples  collected 
after  l.\’.  injection  | 

Before  resin  treatment  ' 
(c/m/ml.  serum) 

.\fter  resin  treatment 
(c/m/ml.  serum) 

I 

2  minutes  ‘ 

20  minutes 

1 

10,188 

820 

14,701 

740 

II 

2  minutes 

35  minutes 

40,2.50 
'  8,380 

4.5,(>20 

1  7,820 

^  05  minutes 

1 

7,. 525 

7,000 

*  Blood  samples  wcri'  collected  at  various  intervals  after  the  l.V.  administration  and  the 
blood  serum  was  treated  with  eationie  e.xehannf  resin  (Na*  form).  'Phe  blood  samples,  fol¬ 
lowing  l.V.  administration  of  insuliii-I*’',  were  made  available  through  the  courtesy  and 
generosity  of  Dr.  Marvin  L.  Mitchell. 
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hiiidiiiK  l)asic  protein  are  hotli  its  al)ility  to  hind  insulin  and  its  adsorption 
on  eationie  exeliantie  resin  (Xa^  cycle).  One  may  suggest  that  there  is  a 
“stoichiometric”  relationship  between  the  basic  protein  and  the  insulin. 
The  presence  of  oidy  trace  amounts  of  basic  protein! s)  in  the  resin  eluates 
(  Fig.  4)  is  in  accordance  with  this  suggestion. 

DISCUSSION 

The  methods  of  insulin-like  extraction  from  blood  described  in  this  com¬ 
munication  are  simjile  and  do  not  waste  other  blood  or  serum  components. 
When  blood  i>  collected  over  cationic  exchange  resin  to  pievent  coagula¬ 
tion,  the  resin  is  discarded,  providing  a  convenient  source  for  the  concen¬ 
tration  and  purification  of  insulin  from  large  volumes  of  blood  or  serum. 

d'he  high  degree  of  purification  of  the  insulin-like  activity  present  in  the 
lesin  eluates  reduces  the  possibility  of  the  presence  of  other  serum  compo¬ 
nents  interfering  with  the  assay  of  insulin-like  activity.  It  is  suggested  by 
the  following  observations  that  the  insulin-like  activity  present  in  the 
eluates  represents  true  insulin  activity:  (1)  The  insulin-like  activity  has 
been  identified  by  three  different  assays,  in  vivo  and  in  vitro:  (2)  Insulin- 
like  activity  in  the  resin  eluates  has  been  determined  in  dilutions  of  .’)()-  to 
lOO-fold,  making  it  most  unlikely  that  non-specific  factors  interfere  in  the 
determinations;  (.4)  .Vnti-insulin  antibodies  neutralized  the  “free”  insulin 
activity  of  the  eluates,  suggesting  a  specific  reaction  of  the  antibody  with 
the  blood  insulin.^  Nevertheless  it  is  conceivable  that  non-insulin- 
hypoglycemic  factorfs)  may  be  present  in  this  .xy.'item. 

Prolonged  acid  elution  or  elution  for  a  few  minutes  with  O.lX  XH4OH 
produces  similar  results.  The  use  of  O.lX  XIFOII  for  the  elution  of  the  in- 
sulin-likeactivity  is  the  most  convenient  method  because  of  the  short  time 
of  elution  required  (o  minutes),  the  low  salt  concentration  and  the  small 
volumes  of  eluates  as  compared  with  the  acid  elution.  Losses  of  insulin-like 
activity  during  the  elution  of  the  resin  with  alkali  may  be  caused  by  pll 
values  in  excess  of  11.0.  The  pH  should  be  controlled  carefully  during 
alkali  elution,  and  the  pH  of  the  eluates  should  not  exceed  10. to  11.1 
during  the  short  period  of  time  reipiired  for  the  elution. 

('itrate  eluates  in  three  different  cases  provided  higher  insulin  values 
than  eluates  obtained  with  sulfuric  acid  or  ammonium  hydroxide  when 
they  were  examined  for  insulin-like  activity  (Table  1).  This  observation 
suggests  that  the  basic  protein-citrate  salts,  which  are  formed  during  the 
elution  of  the  resin  with  citrate,  are  less  soluble  than  those  of  the  basic  pro¬ 
tein-sulfate  .salts.  The  insoluble  citrate  complexes  are  removed  from  the 
system  by  centrifugation  of  the  eluates  at  pH  4.0,  resulting  in  a  larger  por¬ 
tion  of  the  insulin  in  the  “free”  state.  The  finding  that  the  insulin  activity 
of  citrate  eluates  subjected  to  paper  electrophoresis  at  pH  7.0  migrates  in 


rni)tihlishe(l  data  obtaiiual  by  Dr.  II.  Xaraliara. 
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the  A  zone,  i.e.  with  the  inohility  of  free  insulin,  corroborates 

the  siififjestion  that  citrate  elnates  may  be  rich  in  free  insulin.  However,  in 
the  paper  electrophoresis  exj)eriinent  the  elnates,  represent ing  BO  to  40 
liters  of  i)lasma,  were  rei)eate(lly  dialyzed  and  lyophilized  in  order  to  reduce 
the  volume  of  the  elnates.  Dissociation  of  the  insulin  from  its  com})lex  also 
may  be  due  to  the  manipulation  of  this  preparation. 

On  paper  electrophoresis  the  basic  protein  migrates  as  a  single  cationic 
protein,  llowexer,  other  criteria  of  purity  ai’e  necessary  in  order  to  estab¬ 
lish  homogeneity  of  this  j)reparation.  The  protein  does  not  pa.><s  through  a 
cellophane  membrane  at  pH  B.O  or  7.0,  which  may  indicate  a  relatively 
large  molecular  weight.  From  comparative  paper  ele(*trophoresis  studies 
with  the  bovine  pancreatic  insulin-binding  basic  protein  it  appears  that  the 
human  blood  preparation  is  more  basic,  as  indicated  by  its  faster  migration 
on  paper.  Its  isoelectric  {)oint  may  be  close  to  j)!!  10.0  .^^ince  at  this  pH  the 
basic  protein  precipitates  and  may  be  I’emoved  by  centrifugation.  The 
yield  of  the  blood-basic  protein  from  about  10  liters  of  plasma  was  ex¬ 
tremely  low,  and  an  amount  efiuivalent  to  10  liters  of  plasma  was  applied 
on  one  single  paper  strip  ( Fig.  4).  The  protein  of  the  paper  was  stained  oidy 
by  niidiydrine  and  not  by  bromphenol  blue. 

'riie  transport  of  insvdin  by  proteins  of  higher  isoelectric  point  may  serve 
as  a  means  of  regulation  of  insulin  activity  in  the  blood  stream.  Sindi  a 
regulatory  mechanism  is  probably  based  on  the  release  of  insidin  in  blood 
from  its  complex  through  a  physicochemical  eciuilibrium.  The  rate  of  dis¬ 
sociation  of  this  complex  may  be  affected  by  enzymes.  Direct  evidence  for 
enzyme  intei’vention  in  viro  is  lacking.  The  finding,  however,  that  blood 
and  pancreatic  insulin  complexes  are  dissociated  in  vitro  at  physiological 
pH  through  enzyme  intervention  (S)  is  suggestive. 

The  ob.servation,  that  a  many-fold  increa.xe  of  insulin  activity  occurs  in 
the  resin  elnates  upon  dissociation  of  the  insulin  complex,  stimulates  the 
(piestion  as  to  what  are  the  “true”  levels  of  insulin  in  blood.  It  i.s  possible  to 
suggest  that  various  current  insulin  a.s.says  determine  only  a  fraction  of  the 
“total”  insulin  activity  in  serum. 

The  experiment  presented  in  Table  4  showed  that  when  exogenous  in¬ 
sulin  is  injected  intravenously,  no  insulin  binding  protein  appears  in  blood 
to  bind  it.  One  may  .‘suggest  that  the  complex  is  formed  in  vivo,  perhaps  in 
the  pancreas.  However,  in  interpreting  the  results  of  this  experiment,  it 
should  be  noted  that  the  insulin  employed  for  intravenous  administration 
was  iodinated  insulin  prepared  from  bovine  and  porcine  pancreas. 

The  whole  blood  and  .serum  employed  in  the.se  .studies  were  collected 
from  non-diabetic  subjects.  Preliminary  studies  indicate  that  identical  or 
similar  complexes  are  present  in  the  blood  of  diabetics  and  of  diabetics  with 
insulin  resistance.  These  complexes  differ  from  the  antibody-insulin  com¬ 
plexes  (11)  previously  described  in  the  blood  of  diabetics  who  had  been 
under  insulin  therapy  for  a  long  period  of  time.  The  difference  was  demon- 
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strated  liy  showing  that  the  antibody-insulin  complexes  are  not  adsorbed 
on  cationic  exchange  resin  (Xa*  cycle). 

Similar  observations,  indicating  the  presence  of  basic-protein-insulin 
complexes  have  been  made  upon  the  pancreatic  tissue  of  dial)etic  subjects. 
The  (piestion  of  “utilization”  of  the  stored  insulin  in  blood  and  pancreas  of 
diabeti(*s  arises  from  these  ol)servations,  particularly  in  connection  with 
the  mechanism  of  dissociatioji  of  the  insulin  complexes  in  rivo. 
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AHSTHAC'T 

A  ini'tluxl  for  tlic  ('valuation  of  anti-t'stroffcnii*  activity  is  dcscrila'd  usin<>: 

20  22-day  old  estrone  stimulated  female  Swiss  all)ino  mice.  Ifoth  the  estrone 
and  the  test  compound  were'  inji'cted  suheutaneously  hut  at  s(‘parate  sites.  The 
end-point  was  the  decree  of  inhibition  of  estroj>;en-i)rodue('d  uterine  f;rowth. 

The  relative  antiestrof^enie  potency  of  2t)  steroids  is  reported  on  the  basis  of  tlu' 
minimum  wc'ijfht  of  compound  needed  to  ])rodue('  a  statistically  sif;nifieant 
inhibition  of  the  uterine  stimulation  produced  by  0.4  /ijj.  of  estrone,  ('orrc'lations 
of  structure  and  activity  may  Ix'  summarized  as  follows:  reduction  of  a 
keto  fjroup  in  rinji  .V  to  a  oa-iJ-keto  Kroui)in'j  produced  an  enhama'd  activity  in 
ti'stosteronc  but  not  in  three  other  steroids  studied;  formation  of  the  10-nor 
steroid  h'd  to  enormous  increases  in  activity  for  1  Ta-ethyltestostenme  (02 
times)  and  1 7-ethynylt('stosterone  (31  times)  but  not  in  four  other  steroids  of 
varied  structures;  and  substitution  of  17a-hydrofjen  by  a  nu'thvl.  ('thyl.  or 
ethynvl  virouj)  usually  i)roduc('s  a  compound  with  increased  anti-estrojjenic 
activit}'. 

Till']  fact  that  various  steroids  may  inhibit  the  action  of  estrogens  has 
been  described  by  many  investif^ators  since  the  work  of  l)e  Fremery 
et  tiJ.  (1),  who  demonstrated  that  the  snbentaneons  injection  of  proges¬ 
terone  inhil)ited  the  vaginal  cornification  in  ovariectomized  mice  receiving 
an  impure  estrogen  preitaration  by  month.  This  phenomenon  was  also  ob¬ 
served  by  Allen  and  Meyer  (2).  Robson  (8),  in  a  detailed  study,  demon¬ 
strated  that  the  vaginal  cornification  reaction,  due  either  to  estrone  or 
estradiol-1 7|i  in  ovariectomized  mice,  may  be  inhibited  by  the  simnltane- 
ous  administration  of  testosterone,  progesterone,  androstane-3a,17|(5-diol 
and  AMuidrostene-d,17-dione.  The  results  of  these  studies  may  be  (pies- 
tioned,  since  the  estrogen  and  inhibitor  were  contained  in  the  same  soln- 
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(ion.  The  relatively  large  quantity  of  test  compound  could  possihly  pre¬ 
vent  the  estrogen  from  being  absorl)ed  at  the  rate  that  the  estrogen  was  ab¬ 
sorbed  when  administered  alone. 

.Vmong  the  three  estrogens,  estrone,  estriol,  and  estradiol-17/i,  a  curious 
interaction  has  been  demonstrated  in  which  one  estrogen  may  limit  the 
biological  effectiveness  of  the  other  estrogens  (4).  These  interactions  are  not 
limited  to  estrone,  estriol,  and  estradiol- 17/ii.  Huggins  and  Jensen  (o)  have 
reported  that  when  the  hypophysectomized  female  rats  were  treated  with 
estrone,  the  usual  uterine  hypertrophy  could  be  inhibited  by  a  variety  of 
estrogens,  including  Iti-epiestriol,  17-epiestriol,  estradiol- 1()«,  estradiol- 
(j-ketoestrone,  and  ()-ketoestradiol-17/i. 

The  iidiibition  of  estrogens  by  corticoids  has  been  reported  (t),  7,  8,  9). 
Velardo  (10)  has  summarized  his  extensive  findings  using  the  uterus  of  tlie 
ovariectomized  mouse  as  the  end-point.  This  group  confirmed  the  finding 
that  progesterone  causes  a  significant  inhibition  of  estrogens  at  low  doses 
but  synergizes  with  estradiol-17/i  when  given  in  doses  above  2.o  mg.  daily. 
Testosterone  is  a  highly  effective  anti-estrogen.  Corticoids  are  effective 
and  the  order  of  activity  may  be  summarized  as  9a-fluoroprednisoh)ne  >  9a- 
fluoro(*ortisol  >  cortisol  >  cortisone  >  prednisone  >  prednisolone  >  desoxy- 
corticosterone.  This  order  of  effect ivene.ss  does  not  correlate  with  other 
activities  of  corticoids. 

Recently  a  group  of  papers  have  appeared  dealing  with  the  anti-estro- 
genic  activity  of  certain  synthetic  steroids  which  show  intense  activity 
(11,  12,  IJ,  14,  lo).  IMgren  et  al.  (lo)  reported  that  some  17a-alkyl  deriva¬ 
tives  are  extremely  active,  that  the  nature  of  the  alkyl  group  has  an  im¬ 
portant  effect  on  the  potency,  and  that  the  dihydro-19-nortestosterone  as 
well  as  the  odO)  dehydro  isomer  are  much  less  active  than  the  steroids. 
4'he  stimulating  and  suppressing  compounds  were  injected  as  a  single  .solu¬ 
tion  at  a  single  site. 

Certain  synthetic  compounds  such  as  (I)i-p-hydroxyphen\’l)-butane; 
-pentane;  -hexane;  and  -l,4-pentanedien-3-one  inhibit  the  proliferation 
and  cornification  in  the  vaginal  epithelium  of  rats  treated  subcutaneously 
with  estradiol  benzoate  (Ki).  Villee  (17,  IS)  has  shown  that  certain  anti¬ 
estrogenic  activity  may  be  detected  with  an  in  vitro  test  employing  the 
estrogen  sensitive  enzyme,  isocitric  acid  dehydrogenase,  derived  from 
human  placental  tissue.  Kmmens  and  Cox  (19)  have  demonstrated  that  di- 
methylstilbestrol,  a  pro-estrogen,  inhibits  the  respon.se  of  estrogens  when 
the  two  substances  are  administered  intravaginally  to  spayed  mice.  In  a 
.second  paper  Kmmens  et  al.  (20)  found  this  type  of  activity  for  ethylstil- 
l)estrol  and  n-propylstilbestrol.  These  stilbestrol  derivatives  inhibit  the  in- 
crea.se  in  vaginal  mitosis  and  epithelial  thickness  produced  by  the  estro¬ 
gens  whereas  testosterone  and  progesterone,  even  in  high  concentration, 
inhibited  cornification  but  not  mitosis. 

-Most  .studies  with  anti-estrogenic  substances  have  indicated  only  a 
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partial  suppression  of  stimulatory  activity  of  the  estrogen  emi)loye(l.  W  ith 
the  synthetic  substance  l-(/j-2-(liethylaminoethoxyphenyl)-l-phenyl-‘2-p- 
methoxyl  ethanol  (Mer-2o),  a  suppression  of  almost  t)‘)%  has  been  ef¬ 
fected.  This  substance  does  produce  some  stimulation  of  the  uterus.  The 
anti-estrogenic  action  has  been  demonstrated  in  the  vaginal  epithelium 
and  the  uterus  (21). 

This  communication  presents  a  convenient,  simple  method  for  the  de¬ 
termination  of  the  anti-estrogenic  action  of  steroids,  the  relative  potency  of 
a  variety  of  new  steroids,  and  finally  describes  the  influence  of  structural 
changes  on  activity. 

EXI’EHIMEN'TAI. 

Twenty-  to  twenty-two-day  old  Swiss  all)ino  mice  were  injected  suix'utaneously  once 
daily  with  estrone  for  three  days.  Tin*  total  dose  of  0.4  nfr.  was  contained  in  0.3  ml.  of 
sesame  oil  and  0.1  ml.  was  injected  daily,  ('ontrol  groups  of  mice  received  only  sesame 
oil.  The  test  snhstance  was  injected  snhcutaneously  daily  in  0.2  ml.  of  acpieous  snspend- 
ins  vehicle  at  a  different  site  from  that  used  for  the  estrone  injections.  Separate  site's 
were  used  for  the  injection  of  the  estrof'e'ii  and  the  test  compound  to  prevent  the  po.ssi- 
hility  that  a  lowered  estrogenic  effect  might  he  due  to  interference  of  estrogen  absorp¬ 
tion  from  the  injection  site.  The  test  compounds  weri'  administeri'd  in  an  acpieous  sus- 
liending  medium  since  many  of  these  substances  at  the  dose  levels  studied  were  insoluble 
in  oil.  The  aqueous  suspending  medium  consisted  of  sodium  chloride  (0.9%),  poly- 
sorhate  SO  (0.4%),  carhoxymethylcellulose  (0.o%),  and  benzyl  alcohol  (0.9%,).  One  day 
afti'r  the  last  injections  the  animals  were  .sacrificed  and  the  uterine  weights  and  body 
weights  determined. 

The  assays  were  usuallj’  performed  in  groups  of  132  mice  which  wen*  divided  into  14 
groups.  One  group  of  12  mice  served  as  sesame  oil  injected  control  animals,  another 
grouj)  of  12  mice  received  a  total  dose  of  0.4  pg.  estrone.  The  remaining  12  groups  of  9 
mice  each  received  the  test  comiiounds.  Tsually  a  single  compound  was  studied  at  three 
or  more  concentrations  in  any  specific  assay.  Finally,  to  arrive  at  the  relative  activity 
of  a  given  compound,  all  the  data  for  a  sjM'cific  compound  at  a  sjiecific  dose  were  com¬ 
bined.  To  determine  the  minimum  dose  to  produce  inhibition,  a  rcspon.se  was  chosen 
which,  when  calculated  statistically,  gave  a  value  of  P  of  less  than  0.02. 


RESIT  L'rS 

'riie  relative  anti-estrogenie  poteney  of  various  steroids  is  listed  in  Table 
1,  wliieli  summarizes  the  information  on  each  of  the  eompounds  studied. 
Included  are  the  total  number  of  mice,  the  dosage  range,  the  minimum 
do.se  which  showed  a  statistically  significant  iidiibition  of  estrogen  stimu¬ 
lated  uterine  growth,  and  the  maximum  inhibition  attained  with  any  dose 
studied.  The  compounds  are  arranged  in  decreasing  order  of  activity  on  the 
basis  of  amount  of  material  needed  to  produce  an  inhibitory  effect. 

The  iidiibitory  activity  of  testosterone  was  enhanced  five  times  by  re¬ 
duction  to  the  dihydro  5a  derivative  (Table  2).  Similar  reduction  of  17a- 
methyl-l9-nortestosterone  resulted  in  a  50%  reduction  in  activity,  while 
the  .same  chemical  change  in  17a-ethynyl-10-nortestosterone  yielded  a  com¬ 
pound  possessing  only  3%  of  the  original  activity.  Reduction  of  19-nor- 
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TaBI.K  1.  HkI.ATIVK  ANTI-KSTRncjKMC  AfTIMTIKS  (»F  VAKIOIS  STKKOlhS  (I  N.l  EtTI<  )N  ) 


Steroid 

Total 
Xo.  of 
inii’o 

1  losasjo 
raiiKo 
studied, 
Bit. 

.Miiiiiniiin 

dose  to 
produce 
iiduOitioii, 
B.lt. 

-Maxi- 

inuiii 

iiiliiOi- 

tion 

% 

2a,  1 7o-l  )iinctliyl-17d-ny(iroxyaiidn)stiiii-3-oiie 

HI 

2-4000 

2 

30 

1 7o-l-;ttiyl-ia-X()rt«“st<)st(*roiH‘ 

IHti 

2-4000 

8 

54 

1 7a-Kt  tiynyl-lit-Xortestosteronc 

1H(( 

1  -  4000 

K) 

.5(1 

1 7a-  M  ct  liy  1- 1  tt-  Xort  (*st  ost  eroiie 

12(> 

2-1000 

32 

4(1 

1  7a-.\I(‘ttiylt(‘stostcroiie 

13o 

.32-4000 

32 

35 

2a- .Mot  tiy  1- 1 7  d-  Hydn  txyaiulrost  a  ii-3-oiio 

•.)() 

1-1000 

.50 

47 

1 7a-Mothyl-11l-Xor-l  7d-Hydroxyandr()stan-3-oiio 

21.T 

1-4000 

.50 

38 

1 7d-Hy<troxyandrostaii-3-ono 

12(i 

15  4000 

100 

30 

1 7a- Kthy  1-1  !t-Xor-17d- Hydroxy  aiidrost  aii-3-uiie 

171 

1  -.5000 

2.50 

27 

.\iidrostano-3d,  1 7d-diol 

140 

2-4000 

2.50 

22 

Tostostoroiio 

00 

(>4-4000 

.500 

3(1 

l!(-Nor-17d-Hydroxyaiidrostaii-3-ono 

135 

1-4000 

.500 

32 

1!(-Xortostostor<)iio 

135 

1  4000 

.500 

33 

ProKostorono 

12i» 

10  4000 

.500 

5(1 

1 7a-i;thyiiy  1-1  !t-Xor-l  7d-Hydroxyaiidrosta  11-3-0110 

'.to 

10  4000 

.500 

27 

1 7a-Vinyl-llt-Xor-l  7d-Hydroxyaiidrostaii-3-oiio 

120 

(>4-4000 

.500 

20 

1  7a-Ht  hy  iiy  Itostostorono 

1 14 

8-2000 

.500 

22 

1 7a-Ktliynyl-11t-Xoraiidrostaiio-3d,  1 7d-di(d 

1  il-Xorandrostaiio-3d,  1 7  d-diol 

137 

72 

10  4000 
1000  4000 

1000 

4000 

Xo  r(‘sp()ii,.ie 

n 

1 7a-.M(‘thyl-llt-Xorandrostano-3d,  1 7d-diol 

1 7a-l''.thyl-llt-Xorandrostaiio-3d,l  7d-<iiol 

00 

30 

1000  4000 
.500  4000 

4000 

4000 

Xo  response 

23 

1 7a-Vinyl-lil-Xora!idrostano-3d,  17d-<liol 

30 

.500-4000 

4000 

Xo  response 

A“-Androstoiio-3d,  1 7d-diol 

72 

10-4000 

4000 

Xo  r(‘spoiise 

testosterone  to  the  5a  diliydro  derivative  did  not  infiuenee  tlie  anti-estro- 
}j:eni(*  activity. 

Removal  of  the  C-H)  group  resulted  in  all  three  logical  possibilities;  that 
IS,  increase,  decrease,  and  no  change  in  anti-estrogen  activity  (Tal)le  .‘i). 
The  lt)-nor  derivatives  of  testosterone  and  17a-methyltestosterone  were 
ecjual  in  potency  to  that  of  the  parent  compound.  Two  compounds,  andro- 
stane-:i/i,17/i-diol  and  17/3-hydroxyandrostan-5-one,  showed  significant  loss 
of  activity  on  removal  of  carbon  19.  Most  dramatic  was  the  difference  l)e- 
tween  androstane-5/3,17/i-diol,  which  was  active  at  125  mK-,  while  the  corre¬ 
sponding  ID-nor  steroid  was  negative  at  4()()()  gg.  A  51-  and  ()2-fold  in- 


TaBLK  2.  I  NKI.FKNCE  OK  REOrcTION  OK  OROI  K  TO  Oa  COXKHil  RA- 
TION  ON  A.\TI-ESTRO(iENI0  ACTIVITY  ( I  NJECTION  ) 


l.owest  total  dose 

.5a-reducinn 
(‘nhancint! 
ratio 
=  A/H 

Steroid 

Xo.  of 
mice  on 

Xo.  of 
mice  on 

producinjt  inhihition 

steroiil 

5a-steroid 

Steroid 

(A) 

5a-steroid 

(K) 

Testosterone 

tto 

12(1 

.500 

100 

5.0 

1 0-  X  ort  est  ( >st  eroiie 

13.5 

135 

.500 

.500 

1  .0 

17a-Methyl-l  il-Xortestosterone 

12(1 

1.53 

32 

(14 

0.5 

17a-l';t  hynyl-lO-Xortestosterone 

1.53 

00 

1(1 

500 

0.03 

Jaindiry,  1!>6! 
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TaB1.K  3.  IXKl.l  KNCK  OK  LOSS  OK  ('-lit-  (KOHMATION  l!*-.\OK  DKRIVATIVK) 
OX  AXTI-KSTHO(iKXIC'  ACTIVITY  ( I  X,I  KCTIOX  ) 


Lowest  total  dosi* 


Steroid 

Xo.  of 
mice  on 
steroid 

Xo.  of 
mice  on 
Itt-nor 
steroid 

produeinK  iidiiliition 

.  ,  10-nor 

(U) 

10-nor 
enhaneini; 
ratio 
=  A  H 

Te.'itosterone 

•Mt 

13.T 

.■)()(» 

7)00 

1  .0 

ITa-Methvl-testosteroiie 

13.T 

12t> 

32 

32 

1  .00 

Androstane-3d,l  7d-diol 

117 

72 

12.T 

4000 

W'native 

<  0.03 

1  Ta-Kttivnvl-testosteroiie 

o4 

ISO 

oOO 

10 

31  .0 

1 7a-Kthvl-testosterone 

I'.tS 

1.y3 

.TtlO 

S 

02 

17/i-Hy(iroxyandr()staii-3-one 

12ti 

13.t 

100 

.■)00 

0.2 

crease  in  activity  resulted  in  the  removal  of  carbon  11)  from  etliynyltesto- 
sterone  and  ethyltestosterone,  respectively. 

The  substitution  of  a  17a-methyl  sroup  for  the  17a:-hydrofj;en  atom  sig¬ 
nificantly  increased  the  anti-estrogenic  activity  in  all  instances  except 
17|3-hydroxyandrostan-H-one,  where  a  o-fold  decrease  was  found  (Table 
4).  This  enhancement  in  activity  for  the  other  compounds  varied  from>l 
for  l{)-norandrostane-H/5,17d-diol  to  2o  for  the  etdiancement  ratio  for  2«- 
methyl-17/3-hydroxyandrostan-H-one.  The  addition  of  the  17«-methyl 
"roup  increased  the  activity  of  testosterone,  l()-nor-17jS-hydroxyandro- 
stan-3-one,  and  19-nortestosterone  7.<S,  7.S,  and  lo.ti  times,  respei'tively. 
The  introduction  of  the  17a-methyl  into  the  A'’-androstane-d/:l,17|ii-diol 
molecule  resulted  in  a  compound  active  at  2000  /xg.,  while  the  parent  com¬ 
pound  was  inactive  at  twice  this  dose. 

The  data  in  Tables  o  and  0  are  similar  to  those  presented  in  Table  4  ex¬ 
cept  for  the  nature  of  the  17a-alkyl  sroup.  The  anti-estrogenic  activity  of 
testosterone  was  not  modified  by  the  17a-ethyl  or  17a-ethynyl  f?roup.  A 
dose  of  oOO  /iK-  of  10-nortestosterone  was  reipiired  to  produce  a  statisti¬ 
cally  sif^nificant  depression  in  the  estrone  stimulated  uterus,  whereas  the 


TaBI.K  4.  IXKLl  KXCK  OK 
KSTROliKXIC 

17«-MKTnYI,  SI  B.STITK 
ACTIVITY  (IX.IKCTIOX) 

KXT  OX  AXTI- 

Steroid 

Xo.  of 
mice  on 
steroid 

Xo.  of 
iniee  on 

1  /  a-('  1 K 
steroid 

l.owest  total  dose 
(Mti.)  prodiieinu 
inhibition 

•  1  K  (»-('  I  1.1 
steroi.l 

1  7a-('H:( 
enhaiie- 
inji  ratio 

T(*stosteron(‘ 

99 

13.T 

.■)00 

32 

1.5,0 

lO-Xortestosterone 

13.'> 

120 

.■)00 

32 

1.5.0 

19-Xor-17/i-Hydroxyandro;'.tan-3-one 

13.T 

1  .t3 

.500 

04 

7.S 

17d-Hydroxyandrostan-3-one 

120 

220 

100 

.500 

0.2 

2o(-Methyl-i7d-Hydroxyandrostan-3-one 

90 

SI 

.50 

2 

20 

.i*-.\ndrosten(‘-3/<,  1 7fJ-diol 

72 

220 

4000 

Xenativi' 

2000 

>  2 

19-Xorandrostane-3(l,l  7/i-diol 

72 

90 

4000 

Xefjative 

4000 

>  1 
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Taki.k  Inh.i  knck;  ok  17«-ktiiyi.  si 

BSTITIKN' 

r  (C\  ANTI- 

KSTHOCiKMC 

ACTIVITY 

(INJECTION) 

Steroid 

Xo.  of 
miee  on 
steroid 

Xo.  of 
mice  on 
17a-etliyl 
steroid 

l.owi'st  total  dose 
(mK-)  prodiieinjj 
inhiliition 

:i  17a-ethvl 
.  4  V  stcroKi 

(H) 

I7a-etliyl 
enhane- 
iiiK  ratio 
=  A/H 

Testosterone 

(»•» 

nts 

.500 

.500 

1  .0 

lll-Xor-l  7M-Hvdroxv:iiulrost:iii-3-one 

13') 

ISO 

.500 

2.50 

2.0 

llt-Nortestosterone 

13'> 

I. 53 

.500 

8 

02 

1  '.>-Xor:indrost;ine-3d,l  ~d'‘liol 

72 

30 

4000 

Xejjative 

4000 

Xenative 

17a-etliyl  derivative  re(juired  only  S  and  the  17a-etliynyl  derivative  re- 
(juired  Ki  mK-  enhancement  ratios  are  thus  set  at  ()2  and  dl  for  the 
ethyl  and  ethynyl  derivatives,  respectively.  10-Xorandrostane-.‘i|rf,17/i- 
diol  was  inactive  at  4()()0  /xRm  the  17-ethyl  substituted  compound  simi¬ 
larly  inactive,  hut  17a-ethynyl-H)-norandrostane-d/5,17/i-diol  was  active 
at  1000  MS-  The  introduction  of  the  17a-ethyl  group  in  10-nor-17d-hy- 
droxyandrostan-d-one  doubled  the  potency  whereas  no  change  in  activity 
occurred  with  the  17a-ethynyl  substitution. 

DISCUSSION’ 

The  method  employed  in  this  report  is  essentially  the  same  as  that 
adopted  by  the  Cancer  Chemotherapy  Xational  Service  Center  Ihidocrine 
Panel  and  is  one  which  has  been  employed  by  one  of  the  authors  for  many 
years.  The  method  used  by  halgren  et  at.  (l.j)  by  coincidence  is  essentially 
the  same  as  these  methods  as  to  age  of  mice,  number  of  injections,  and 
volume  of  oil,  except  that  these  workers  used  a  single  solution  for  the 
stimulating  estrogen  and  the  inhibitor. 

We  have  reported  previously  in  a  preliminary  communication  (22)  that 
li)-nor-17/3-hydroxyandrostan-.l-one  was  S  to  10  times  more  active  than  the 
corresponding  A^-d-keto  compound.  This  could  not  be  confirmed  by 
lalgren  ct  al.  (lo),  who  judged  the  dihydro  comjKumd  to  be  at  most  as 


TaBI.K  (».  In  kI.I  KNCK  ok  1  7«-KTM  YN  VI.  SI  KSTITI'KNT  o\  A\TI- 
KSTKOCKMC  ACTIVITY  ( I  N.l  KCTIOV  ) 


Steroid 

Xo.  of 
miee  on 
steroid 

Xo.  of 
miei'  on 

1  1  a- 
ethynyl 
steroid 

Steroid 

(A) 

1 7a-etliynyl 
steroid 

(H' 

1 7o-el  li- 
ynyl en- 
haneini; 
ratio 
A/H 

Testosterone 

00 

.54 

.500 

.500 

1  .0 

lO-Xortestosterone 

1.3.5 

ISO 

.500 

10 

31 

1 0-Xorandrost  ane-3fJ,  1 7d-diid 

03 

03 

4000 

loot) 

>  4 

Xeftative 

Xeitativ'e 

1 0-Xor-l  7rf-Hydroxyandrostan-3-one 

120 

00 

.500 

.500 

1  .0 

Janiinrj).  UHll 
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active  as  the  i)arent  conipouiid.  Witli  additional  animals  added  to  onr 
series,  the  two  compounds  have  been  found  to  have  ecpial  activity.  Oidy  in 
one  instance  was  an  increase  in  anti-estroj^enic  potency  found  after  oa-re- 
duction:  that  is,  the  reduction  of  testosterone.  Loss  of  the  C-11)  ^roup  did 
not  consistently  increase  the  anti-estrof>enic  potency.  .A  dramatic  increase 
was  ol)served  only  for  17o-ethynyltestosterone  and  17a-ethyltestosterone. 
Alkyl  substituents,  that  is,  methyl,  ethyl,  or  ethynyl,  at  carbon  17  in¬ 
creased  the  anti-estrofj;enic  potency  in  all  examples  studied  with  ouly  one 
exception,  17/i-hydroxyandrostan-)l-one,  and  in  Id  instances  enhancement 
ratios  of  more  than  one  to  as  hif*!!  as  (i’i  were  found. 

Of  interest  is  the  fact  that  2a;-methyl-17/i-hydroxyandrostaii-d-one  is 
both  a  highly  active  anti-estrogen  and  has  shown  remarkably  favorable 


Table  7.  (Ni.mi-akativk  hei.ative  anti-estrooen  i-otency  oe  varku  s 

.STEROIDS  REPORTED  BY  luxjREX  (7  fll.  AM)  THIS  REPORT 


Stcroifl 

I-Alfll-PIl  (7  (ll. 

This  rppDrt 

ProflPstprDDc 

1  .(» 

1  .0 

1 Nort  PS  t  Dst.proiip 

0.4 

I  .0 

1 7«-Mpt  Iiyl-Ut-Nortpstostproiip 

8.8 

l.T.O 

1 7«-I']thvl-l  it-Xortpstosfproiip 

12..') 

02 .  .T 

1 7  a-  l''.t  li  VII  vl- 1  '.t-Nort  pst  Dst  (‘roiip 

8.0 

31  .3 

effects  in  human  breast  caiicer  (2d).  On  the  basis  of  this  experience,  it  is 
possible  that  the  17a-methyl  compound  derivative  of  2a-methyl-17i!i-hy- 
droxyandrostan-d-one,  which  has  an  anti-estrogenic  activity  25  times  that 
of  2«-methyl-17d-hydroxyandrostan-d-one,  may  lie  a  most  effective 
steroid  against  human  breast  cancer.  This  possibility  is  particularly  em- 
pha.sized  since  2a,17a-dimethyl  compound  was  highly  effective  as  an  anti¬ 
mammary  tumor  agent  in  the  rat  (24). 

The  relative  anti-estrogenic  potency  of  compounds  reported  in  this  com¬ 
munication  and  by  hklgren  c/  al.  (15)  are  reported  in  Talile  7.  All  results 
have  iieen  referred  to  the  same  standard  progesterone.  The  results  ob¬ 
tained  in  the  present  study  are  consistently  greater,  liy  a  factor  of  2  to  5 
limes,  than  found  liy  halgren  cf  al.  (15).  The  rea.so!i  for  the  discrepancy  is 
not  immediately  apparent.  It  should  be  mentioned,  however,  tliat  halgren 
used  a  single  oil  solution  for  lioth  the  stimulating  estrogen  and  the 
inhibitor,  and  the  concentra'ion  of  estrone  was  O.d  jug.  An  oil  vehicle  for 
estrone,  total  dose  of  0.4  jug.,  and  the  iidiibitor  were  administered  simul¬ 
taneously  at  a  different  site  in  the  pre.sent  study.  The  inhibitor  was  con¬ 
tained  in  an  a(jueous  suspension.  The  .strains  of  mice  u.sed  in  the  two  labor¬ 
atories  were  also  different. 

The  suggested  method  may  be  described  as  of  the  titration  type  with  an 
error  range  of  about  ±100%.  Thus  a  report  of  a  minimum  statistical  re¬ 
sponse  at  100  jug.  may  have  a  range  from  50  jug.  to  200  jug. 
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rn VUOXIXK  serum  protein  ('OMPLEXES: 
T\V()-I)LMEXS1()X  GEL  AND  PAPER 
ELECTROPHORESIS  STUDIES 


B.  S.  liLUMBLPvCJ,  L.  FABEH,  .1.  E.  HALL  and  J.  BOBBINS 

Srctiun  on  Clinicol  I nviNtigotions,  Xotionol  Institute  of  Arthritis  nnd  Metobotic  Diseases, 
f.  S.  Public  Health  Service,  Xational  I n.stitutes  of  Health,  liethesda,  Manjland 

ABSTRACT 

Two  (linu'iisional  (jjain'r-paiu'r  aiul  i)aiHT-gi“l)  (‘Icctroplion'sis  of  human 
sorum  containing  lai)clc<l  tliyroxinc  has  been  performed  with  various  l)ntTers. 
Tliyroxine-hinding  ])reall)nmin  (TBPA),as  seen  in  i)aper  eleetroidioresis  in  am- 
moninm  earl)onate  l)ntTer,  appears  to  be  identical  with  the  fastest  moving 
thyroxine  zoiu*  (band  1)  in  starch  gel  electrophoresis  in  borate  buffer.  Albnmin- 
bonnd  thyroxine  in  ammoninm  carbonate  or  barbital  buffer  appears  in  starch 
gel  as  band  2  and  a  band  migrating  slower  than  band  4  the  identity  of  which 
has  not  been  establislu'd.  The  albumin  separated  on  starch  gel  apjM'ars  to  be 
non-homogeneons  with  respect  to  its  thyroxine  binding.  Thyroxine-binding 
ali)ha  globulin  ('riUl)  in  ammoninm  carbonate  and  barb'tal  buffer  is  seen  in 
starch  gel  as  band  4.  In  |)aper  electrophoresis  using  barbital  buffer,  l  ltPA 
probably  migrat(‘s  ahead  of  albumin  although  a  i)realbnmin  com])om‘nt  :ds(» 
ajjpears  to  migrate  with  tin*  alpha  globulin.  Howev(‘r,  relatively  high  conctm- 
trations  of  barbital  appear  to  inhil)it  binding  of  thyroxine  by  'I'BPA.  TB(J 
in  barbital  and  earbonati'  are  identical.  Banil  3  in  starch  g(‘l  has  not  been  identi¬ 
fied. 

Tin'HOXIXh]  is  firmly  and  reversil)ly  l)oim(l  to  certain  .serum  proteins 
hut  the  protein  species  experimentally  found  to  he  responsible  for 
hinding  appear  to  depend  upon  the  methods  u.sed  for  analysis.  W  hen 
plasma  protein  preparations  are  obtained  from  Cohn  fractionation  all  the 
sub-fractions  of  IV-4  exhibit  variable  amounts  of  thyroxine  binding  abili¬ 
ties  (1).  The  use  of  paper  electrophoresis  with  barbital  buffer  at  pll  S.b  has 
revealed  that  an  inter-alpha  globulin  (TBG)  binds  most  of  the  plasma 
thyroxine  at  low  or  physiologic  levels  and  that  albumin  binds  .significant 
(plant it ies  of  thyroxine  only  at  high  levels  (2,  4).  Occasionally  a  small 

amount  of  thyroxine  bound  to  a  pre-albumin  protein  has  been  .seen  in  cer¬ 
tain  .sera.  In  cerebrospinal  fluid,  prealbumin  binds  a  significant  amount  of 
thyroxine  (o,  ti).  It  has  recently  been  shown  that  when  studies  are  done 
using  a  Tris(hydroxymethyl)aminomethane  (Tris)  and  maleate  buffer  at 
pi  I  <S.(),  prealbumin  consistently  binds  as  much  as  3  of  the  labelled  thyrox¬ 
ine  even  at  low  levels  of  thyroxine  (7).  It  has  also  been  shown  that  prealbu- 
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mill  Linds  thyroxine  wlien  any  of  a  variety  of  Luffers,  ineludinfj;  sodium 
Ixirate,  ammonium  earlionate,  ammediol  and  pliospliate  (pll  S-9)  are  used 
((S,  0).  Two  reports  have  descrilied  a  prealLumin  as  the  only  major  thy¬ 
roxine  liindin}?  protein  of  serum  when  tlie  separation  is  hy  stareli  fj;el  electro¬ 
phoresis  using  borate  buffer  at  approximately  pll  S.ti  (10,  11).  Other 
experiments  have  been  reported  which  demonstrate  four  protein-thyroxine 
peaks  in  starch  gel  electrophoresis  with  borate  buffer  (0). 

The  present  study  is  an  attempt  to  identify  the  various  thyroxine  liind- 
ing  fractions  liy  the  use  of  two  dimensional  electrophoresis.  We  have  used 
two  types  of  experiments:  in  one,  paper  electrophoresis  was  used  for  the 
runs  in  both  dimensions  (paper-paper),  in  the  second,  starch  gel  was  used 
for  the  second  run.  Abnormal  sera,  in  which  increases  or  decreases  of  thy¬ 
roxine  binding  by  one  or  more  of  the  protein  species  have  been  observed, 
were  also  studied  to  assist  in  the  identification. 


METHODS 

f '^'-lalM“lo(f  tliyroxinc  in  .’)()%  propyicne  glycot  was  (»l)tainc(l  from  Al)f)()tt  Lal)ora- 
torios.  Oak  Hidgc,  Tcniu-ssoo.  Aft<‘r  (filution  witfi  wat«T  it  was  extracted  with  n-l)Utanol 
ainl  rcpurifieil  In- an  extraction  procedure  (12).  .Ml  runs  were  pt-rforined  with  L-tliyroxine 
wlucli  was  at  least  90%  pure  as  determined  by  chromatosraiihy.  Mixtures  of  serum  with 
radioactive  L-thyroxine  were  jirepared  by  adding  the  serum  to  the  appropriate  quantity 
of  vacuum-dried  thyroxine  (0..5  jug  ml.  serum).  The  mixtures  were  allowed  to  equilibrate 
for  at  least  1.‘)  hours  at  4°  ('.  and  twenty  to  thirty  microliters  of  the  serum-thyroxine 
mixture  were  eiiqjloycMl  in  each  run.  Xormal  human  serum  was  used  in  the  two-dimen¬ 
sional  runs.  Si'inm  from  normal  pregnant  women  and  from  patients  receiving  17-methyl- 
1  !)-Xor-testosterone  (MXT)  as  therapy  for  breast  cancer  were  also  used.'  .Ml  sera  used 
was  stored  at  —20°  C'.  The  normal  serum  was  obtained  from  one  individual. 

One  diimmsional  starch  ged  electrophon'sis  was  perforim'd  b\-  the  method  of  Smithii's 
(Id)  using  borate  buffer,  j)!!  8.0,  containing  .O.'l  moles  of  ILJiOj  and  0.012  moles  of  so¬ 
dium  hydroxide  per  liter.  The  autorailiograiddc  method  describeil  earlier  (9)  was  used 
for  determining  the  position  of  the  radiothyroxine  bands.  In  both  types  of  two  dimen¬ 
sional  electroi)horesis  emi)lo\'ed,  viz.  paper-paper  and  paper-gel.  the  serum  was  first  run 
for  18  hours  on  a  d8  mm.  by  d80  mm.  Whatman  ?((dM.M  paja-r  strij).  using  the  reversi*- 
flow  nn'thod  (12)  with  <“ither  barbital  buffer  (|)H  8.0,  ionic  stnuigth  0.1)  or  ammonium 
carbonate  buffer  (O.l.M  I'.S.I*.  grade,  with  j)H  adjusted  to  8..3-8.4  by  bubbling  ('(L 
through  the  solution).  In  the  pai)er-i)aj)er  runs,  tlx*  wet  strij)  was  removed  from  the  *‘lec- 
trophori'sis  apparatus,  and  the  section  containing  the  radiothyroxine  was  placed  over  a 
rectangular  hoh'  cut  in  the  narrow  dimension  of  a  280  mm.  by  d.oO  mm.  piece  of  Whatman 
d.M.M  paper.  For  comparison,  a  sam|)le  of  the  original  serum  was  spotted  on  tlu“  sheet  on 
on(>  or  both  sides  of  tin*  strip.  .Vn  electrical  i)otential  was  tlum  a|)plied  across  the  long 
ilimension  for  18  to  24  hours.  Fither  conventional  or  reverse-flow  electrophoresis,  and 
barbital  t)r  ammonium  carbonate  buffer,  was  used  for  tbe  second  ilimension.  .\utoradio- 
graphs  w(>re  prepari'd  from  tbe  second  dimension  j)ai)er  sheets,  before  staining  with 
bromphenol  blue.  Duplicate  first  dimension  strips  were  run,  autoradiographed,  and 
stained  for  comparison.  When  starch  gel  was  employed  for  the  second  dimension  run  (14) 

'  We  are  indebted  to  Dr.  .1.  Xelson,  District  of  Columbia  Clenerai  Hospital,  for  the 
pregnancy  serum,  and  to  Dr.  .\.  C'.  CartcT,  Downstate  Medical  Center,  U.  of  State  of 
X.  Y.,  for  the  MXT  therapj-  serum. 
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TaBI.K  1.  Sl'IM’OKTINC  MKDIA,  BI  KFKHS  AND  METHODS  I  SED  IN  THE 
TWO-DI.MENSIONAE  EI.ECTHOIMIOKESIS  KENS 


No. 

First  dimension 

Second  dimension 

Code  Name 

Sup¬ 

porting 

inediiiin 

Buffer 

Method 

Sui)- 

porting 

medium 

Buffer 

Method 

Figure 

1 

PapiT 

Barbital 

K<*vers<* 

I*ap<T 

Amon.  ('arb. 

('onventional 

I'Ba-l’AC 

O 

Pap<T 

Aiiion.  (’arb. 

Reverse 

Pap<*r 

Barbital 

( 'onventional 

4 

l*.\-I’BaC 

2 

PaptT 

Aiiion.  ('arb. 

Keverw 

Pap«T 

Barbital 

Revers<*  Flow 

I'A-l’BaU 

4 

PaptT 

.Amon.  ('arb. 

Reverse 

Stareh  ( lei 

Borate 

5 

I>A-S 

h 

Paper 

Barbital 

R(*verst* 

Starehdel 

Borate 

I’Ba-S 

a  strip  of  jiaiH'r  70  nim.X")  nun.  was  out  from  tlic  ccHtEr  of  the  wrt  first  dimcHsioH  papnr 
strip  and  insErtod  in  tlio  orifjin  slit  of  a  ffcl  wliich  liad  luam  cast  in  a  2:f0  mm.  XSO  mm.  Xfi 
mm.  tray.  .\s  a  control  a  strip  of  Wliatman  fi.M.M  filter  paper  9  mm.  X  o  mm.  soaked  in 
the  original  serum  was  plaeed  alongside  tlie  larger  strij)  in  the  origin  slit.  The  separation 
on  gel  was  carried  out  from  4  -7  hours  at  a  potential  of  0  volts  per  centimeter.  In  each 
case,  the  aj)|)roximate  iiosition  of  the  radiothyroxine  on  the  first  dimension  pajier  strip 
was  determiiu'd  hy  nuains  of  a  hand-held  (leiger- .Mueller  counter,  .\fter  the  second 
dimension  run,  the  gel  was  split  along  its  smallest  dimmision,  making  two  pieces  eaidi 
mm.  X  SO  mm.  X  ajiiiroximately  100  mm.  Oiu'-half  was  stained  with  amido  black 
10R  according  to  tlu‘  method  of  Smithies  (LI)  ami  the  other  autoradiographed  using 
“Xo-screen”  x-ray  film.  Six  types  of  two  dimensional  runs  wi're  doin',  and  these  are 
shown  in  fable  I.  The  shorthand  notations  introiliiced  will  be  usi'd  henceforth  in  the  text. 

HESUI/rS 

tSingIf  Dimension  Sludien:  . 

.\fter  paper  elect roplioresis  in  anunoniuin  carhonate,  radioactivity  was 
found  in  three  hands  correspondin}>;  to  tliyroxine-hindinj^  preall)unnn 
(THPA),  thyroxine-hinding;  albumin  (TH.\)  and  thyroxine-binding  alpha 
globulin  (TH(J).  When  barbital  was  utilized  as  the  buffer  no  band  corre¬ 
sponding  to  TBPA  was  .seen  but  the  other  two  were  the  same.  These  results 
confirm  previous  findings  (S). 

In  the  single  dimension  starch  gel  runs  using  normal  serum,  four  bands  of 
radioactivity,  numbered  1  tod,  were  seen  (Fig.  1).  Band  1  corresponded  to 
the  fastest  moving  prealbumin  (prealbumin  1  or  prealbumin  .\  in  the 
nomenclature  of  Smithies  (l.‘I)  and  Poulik  and  Smithies  (14));  band  2  was 
located  at  the  leading  edge  of  the  broad  albumin  zone;  band  R  which  was 
generally  broad  and  diffuse,  was  in  the  slowest  half  of  the  albumin  zone; 
and  band  4  migrated  just  behind  the  albumin  zone  in  a  region  which  did  not 
appear  to  correspond  to  any  of  the  vi.sible  protein  bands. 

In  single  dimension  starch  gel  runs  using  the  sera  of  three  pregnant 
women  at  term,  most  of  the  radioactive  thyroxine  was  located  in  bands  R 
and  4.  In  two  samples  of  serum  obtained  from  another  woman  in  the  (ith 
and  7th  months  of  pregnancy,  and  compared  to  her  pre-pregnancy  serum, 
there  was  a  similar  increase  in  radioactivity  in  bands  R  and  4  and  a  decrease 
in  band  2  (Fig.  1).  Single  dimension  paper  runs  in  barbital  buffer  showed  an 
increa.'^e  in  the  thyroxine-binding  capacity  of  TB(1  in  pregnancy  .sera.  'Phe 


2S  liLl’.MBERG,  FARER,  RALE  AND  ROBBINS  Volume  6S 


0  H- 

4.  .  3  .  2  I 

.  NORMAL  FEMALE 


SIX  MONTHS  PREGNANT 


OSoc^H  alb  P.A.  -h 

FiCi.  1.  Distributions  of  radiothyroxine  in  human  scrum  afti'r  siiifflc  dimcnsiou  starch 
Scl  clc'ctrophorcsis  in  l)oratc  buffer.  The  top  two  .strijjs  arc  radioauto^raplis  of  starch  nds. 
To|)  stri]);  scrum  from  normal  female.  .Middle  strip;  scrum  from  the  same  woman  in  tlie 
sixth  month  of  prcfjnaney.  Bottom  strip;  diaRram  of  distril)ution  of  serum  i)roteins  after 
stainiu}!  with  amido  black.  (),  origin,  Sas.  slow  alpha-2-globulin;  0,  beta-fflobulin,  Fa>. 
fast  aIplia-2-nlobulin;  .Vlb.  all)umin;  B..\.,  pre-albumin.  (Nomenclature  of  Smithies 
(13).)  The  positive  pole  is  indicated.  The  same  (piantitj’  of  thyroxine  was  addecl  to 
each  serum  (0.5  /nff.  ml.). 

tliyroxine-bindiiiK  capacity  of  TBPA  was  not  determined.  Starch  jrel  elec- 
trophoresis  of  serum  from  women  with  breast  carcinoma  sliowed  increased 
thyroxine  in  bands  and  4  and  a  decrea.se  in  band  1.  After  treatment  with 
MXT  tiiere  was  a  marked  decrease  in  thyroxine  Itinding  in  Itands  3  and  4  to 
below  normal  levels  (Fig.  2).  Paper  electrophoresis  studies  with  barbital  or 
ammonium  carbonate  buffer  demonstrated  a  decrease  in  thyroxine-binding 
capacity  of  TBG  in  these  .sera  as  a  result  of  MXT  treatment  (15).  The 
thyroxine  binding  capacity  of  TBP.A  was  not  determined. 

Two- Dimension  Studies : 

In  the  PBa-PAC  studies  (see  Table  1),  only  two  radioactive  zones,  corre¬ 
sponding  to  TBA  and  TBG,  were  seen  (Fig.  3).  In  the  PA-PBaC  study, 
three  thyroxine-binding  components  were  disclosed  (Fig.  4).  TBA  and 
TBG  were  represented  by  two  distinct  areas  having  the  same  mobility  as 
the  control  TBA  and  TBG  in  both  dimensions.  In  the  second  dimen.sion  in 
barbital,  the  radiothyroxine  coming  from  the  region  corresponding  to  pre- 
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CA  BREAST 
RX  TESTOSTERONE 

CA  BREAST 
BEFORE  RX 


Eig.  2.  l)istril)uti(»n  of  railiotliyroxiiic  in  human  scniin  aft(‘r  starcli  flcctroi)lion‘sis 
in  horatf  l)nffi“r.  lioili  strii)s  arc  ra<lioauto}jrai)iis  of  starch  ^cls.  liottoin  strip;  scrum  of 
patient  witli  cancer  of  tlic  hreast.  Toj)  strij);  tlic  sanu'  patient  wliilc  on  treatment  witli 
1 7-mcthyl-19-nor-tcstostcronc.  'I'lu'  same  (piantity  of  thyroxine  was  adiled  to  eaeli 
serum  ((ho  ml.). 


.V 


R 


PAPER,  BARBITAL  (REVERSE) 
PAPER,  CARBONATE  (CONVENTIONAL) 
PROTEIN  STAIN 


paper,  barbital  (REVERSE) 
PAPER,  carbonate  (conventional) 

AUTORADIOGRAPH 


n  9 

t 


bARBiTAL 

(REvCRSe) 


Eig.  3.  Ihiper-jiaper  two-dimensional  run.  Eirst  dimension,  barbital  buffer  (reverse 
flow),  second  dimension,  ammonium  carbonate'  buffer  (eonve'ntional).  In  this  and  sub- 
seeiuent  figures,  A  is  a  diagram  of  the  stained  jirotein  zones  (bromi)henol  blue  for  pa|)t‘r 
and  amido  black  for  g('ls)  and  H  is  a  diagram  of  the  eorresjionding  autoradiograph. 
«!,  alpha-1 -globulin,  a>,  alpha-2-globulin;  0,  Ix'ta  globulin;  y,  gamma  globulin;  TH.V, 
thyroxine  binding  albumin;  TH(i,  thyroxine  binding  aljiha  globulin.  Samjiles  of  tin* 
original  serum  wen*  run  at  both  sides  of  tin'  slu'i't  in  tin'  se'cond  dinn'iision  in  ('aeh  ease'. 
.\t  the  bedteim  eif  each  eliagram  in  Eigs.  3  anel  4,  the  iiositions  eif  the  staine'd  sinitsf.V) 
iiinl  the'  radieiae'tivity  (H)  in  the  first  elinn'iisiem  prior  to  the  (tecond  dimension  run  are 
slmwn. 


carbonate  (conventional) 
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alhuniin  on  the  ammonium  earhonate  strip  was  separated  into  a  slow  eom- 
ponent  whicli  produeed  a  tapering  streak  of  radioaetivity  starting  just  past 
the  orifiin  and  ending?  at  a  point  located  just  behind  albumin,  and  a  second 
component  producing  a  small  discrete  spot  having  the  mobility  of  preal¬ 
bumin. 

When  the  reverse-flow  technique  was  used  for  the  second  dimension 
barbital  run  following  a  first  dimension  in  ammonium  carbonate,  (I’A- 

A  B 

PAPER,  CARBONATE  (REVERSE)  PAPER,  CARBONATE  (REVERSE) 

PAPER,  BARBITAL  (CONVENTIONAL)  PAPER,  BARBITAL  (CONVENTIONAL) 

PROTEIN  STAIN  AUTORADIOGRAPH 


Fig.  4.  PaiMT-paixT  two-diinciisioiial  rim.  P'irst  (limiaision,  aminoiiiuin  carlxmato 
Imffcr  (reverse  flow);  second  dimension,  harliital  huffer  (conventional).  'rBP.V,  thy¬ 
roxine  liindiiif!;  pre-alhuinin  (Sei*  lejrend  to  Fif>;.  .3.) 


PBaR)>  TBPA  did  not  .separate  into  two  components  but  travelled  toward 
the  anode  as  a  single  zone  with  the  mobility  of  prealbumin.  TB.\  remained 
fixed  at  the  point  of  origin  (i.e.,  in  its  place  on  the  first-dimension  strip), 
and  TB(i  moved  toward  the  cathode,  in  the  opposite  direction  from  preal¬ 
bumin. 

In  the  PA-S  gel  experiment  (Fig.  h)  the  results  were  .similar  to  those  in 
Figure  4.  The  radiothyroxine  migrating  from  the  prealbumin  region  of  the 
paper  strip  was  .separated  into  two  components:  a  slower  one  which 
.streaked  from  the  origin,  and  a  faster  one  which  had  the  mobility  of  preal¬ 
bumin  and  which  corresponded  in  position  to  band  1  of  the  control  .sample. 
Badiothyroxine  originating  from  the  albumin  zone  of  the  paper  strip  was 
also  .separated  into  two  components.  The  faster  of  these  corresponded  in 
mobility  to  Band  2  at  the  leading  edge  of  albumin  in  the  control  .sample. 
The  other  fraction  travelled  much  more  slowly  and  was  located  behind 
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Fui.  5.  I’apcr-fjcl  two-dimi'iisKtiial  run.  First  (linuMision,  papi-r,  (•arl)onat(‘  l)ufiVr, 
(reverse'  flow).  Seeond  diinensioii,  jrel,  l)orate  hulTer.  (See  le^jeiid  to  Fi^.  3.) 


H 

BARBITAL  (REVERSE)  PAPER,  barbital  (REVERSE) 

GEL,  BORATE  (CONVENTIONAL) 


Fig.  ().  I’ajier-jrel  two-dimensional  run.  First  dimension,  paper,  barbital  buffer 
(reverse*  flow).  Second  dimension,  gel,  borate*  buffer.  (See*  legenel  to  Fig.  3.) 


GEL,  BORATE 
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Band  4  of  the  control  in  a  region  which  did  not  correspond  to  any  stained 
protein  or  any  region  of  tliyroxine-hinding  in  tlie  control.  The  TBd  of  the 
paper  strip  had  the  same  mobility  as  Band  1  of  the  control.  No  radiothy¬ 
roxine  was  found  in  the  second  dimension  corresponding  to  Band  ‘A  of  the 
control. 

When  the  paper-gel  two-dimension  experiment  was  performed  with 
barbital  as  the  first  dimension,  the  results  were  somewhat  different  (Fig.  b). 
The  radioactivity  from  the  albumin  region  on  the  paper  moved  as  two 
zones,  one  with  a  mol)ility  intermediate  between  those  of  Bands  2  and  A  and 
the  other  slower  Band  4.  Hadiothyroxine  arising  from  the  TB(1  region  of 
the  paper  strip  produced  a  streak  extending  from  the  origin  to  Band  1  of 
the  control:  however,  there  was  a  spot  corresponding  to  Band  1  and  a  much 
stronger  band  of  radioactivity  in  a  position  corresponding  to  Band  4. 

DISCUSSIO.X 

The  purpose  of  the  present  study  is  to  inter-relate  the  thyioxine-binding 
proteins  separated  by  starch  gel  electrophoresis  and  those  separated  by 
paper  electrophoresis  using  both  barbital  and  ammonium  carbonate  buf¬ 
fers. 

Hand  1  -I'BPA 

The  paper-gel  two-dimensional  experiment  in  which  ammonium  carbo¬ 
nate  was  the  buffer  in  the  paper  run  (PA-S),  clearly  shows  that  at  least 
some  of  the  labeled  thyroxine  associated  with  TBP.V  migrates  in  the  starch 
gel  to  the  position  of  band  1  ( Fig.  o).  The  streaking  from  the  origin  could  l)e 
due  to  dissociation  of  thyro.xine  from  TBP.V.  The  observation  that  the 
trailing  thyroxine  becomes  less  as  electrophoresis  progresses  favors  this 
view,  since  a  decrease  in  (juantity  of  thyroxine  bound  to  the  protein  would 
tend  to  favor  binding  to  the  protein  as  opposed  to  the  gel.  In  the  absence  of 
protein,  thyroxine  does  not  migrate  into  the  gel. 

In  the  paper-paper,  two  dimension  experiments  in  which  ammonium 
carbonate  was  the  first  dimension,  the  thyroxine  associated  with  TBP.V  also 
moved  faster  than  albumin  in  barbital  buffer.  When  the  second  dimension 
was  run  by  the  conventional  technicpie  (P.V-PBaC)  (Fig.  4),  however,  trail¬ 
ing  similar  to  that  found  in  the  paper-gel  experiment  was  observed.  This 
could  be  due  to  dissociation  of  thyroxine  from  TBP.V  or  the  presence  of  two 
TBP.V  components,  only  one  of  which  exhibited  trailing.  The  amount  of 
trailing  in  the  paper-paper  runs,  however,  was  considerably  more  than  in 
the  paper-gel  runs.  .Vn  interference  by  barbital  in  the  interaction  between 
thyroxine  and  TBP.V  has  been  postulated  as  the  cause  for  the  absence  of  a 
thyroxine-TBP.V  band  in  single  dimension  electrophoresis  in  barbital  (7, 
lb).  This  view  is^supported  by*the*observation  that  a  thyroxine-TBP.V 
complex  may  be  found  in  barbital  electrophoresis  of  cerebrospinal  fluid, 
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wliere  there  is  a  relative  increase  in  TBPA  (o),  assuming;  that  it  is  the  same 
protein  present  in  hlood.  Furthermore,  some  thyroxine  migrates  witli 
TBPA  when  a  low  concentration  of  barbital  is  employed  (17).  The  absence 
of  TBPA  in  the  paper-paper  experiment  in  which  barbital  was  the  first 
dimension  could  be  explained  by  the  migration  of  TBPA  ahead  of  albumin 
without  any  thyroxine  bound  to  it.  In  the  paper-gel  experiments  with  bar¬ 
bital  as  the  first  dimension,  however,  the  findings  were  different  since  a 
small  thyroxine  zone  with  the  mobility  of  prealbumin  moved  out  of  the 
TB(1  area,  again  with  considerable  trailing.  It  is  possible  that  this  compo¬ 
nent  is  related  to  the  prealbumin  of  Schultze  (bS)  which  was  studied  by 
Tata  (ID).  This  protein  binds  thyroxine,  appears  to  migrate  with  TB(i  in 
barbital  buffer  in  the  presence  of  whole  serum,  and  has  been  found  to  move 
with  prealbumin  in  starch  get  (11).  The  suggestion  that  this  prealbumin  is 
different  from  TBPA  (1(5,  20)  is  supported  by  the  present  experiments  (cf. 
Fig.  .‘1). 

It  is  of  interest  that  no  band  1  was  obtained  from  the  albumin  zone  in 
barbital-gel  experiments,  since  the  presence  of  TBPA  in  this  zone  is  some¬ 
times  suggested  by  a  shoulder  on  its  leading  edge  (9).  This  discrepancy  may 
be  due  to  the  fact  that  this  “TBPA”  zone,  when  present,  is  (juantitatively 
very  small 

The  different  findings  obtained  by  Rich  and  Bearn  (10)  and  Allison  (11) 
in  single  dimension  gel  experiments,  in  which  they  found  most  of  the  thy¬ 
roxine,  at  low  concentrations,  in  the  location  of  Band  1,  has  not  been 
explained  by  the  present  experiments.  Presumably  they  are  the  result  of 
differences  in  techni(jue.  The  proteins  separated  in  starch  gel  are  in  such 
narrow  bands  that  cutting  the  gel  and  determining  radioactivity  in  the 
sections,  as  these  authors  did,  could  blur  sharply  localized  areas  of  radio¬ 
activity.  It  would  be  of  interest  to  determine  by  two  dimensional  experi¬ 
ments  whether  or  not  the  fast  band  in  their  experiments  contains  TBCl,  as 
they  j)roposed. 

linndx  2  and  3 — Albumin 

Thyroxine  associated  with  albumin  in  both  barbital  and  ammonium 
carbonate  buffers  migrates  to  or  near  the  position  of  band  2  in  starch  gel. 
Band  2  occupies  a  discrete  area  in  the  leading  edge  of  the  albumin  zone  both 
on  single  and  two  dimension  starch  gel  runs.  It  is  uncertain  whether  this 
indicates  the  presence  of  a  specific  protein  different  from  albumin  which 
binds  thyroxine,  or  whether  the  thyroxine-albumin  complex  might  have  a 
different  mobility  in  .starch  gel  than  does  free  uncomplexed  albumin. 

In  addition  to  band  2,  there  is  a  thyroxine-binding  band  slower  than 
band  4  arising  from  the  albumin  zone  of  the  first  dimension.  There  was  no 
corresponding  stained  protein  zone,  and  there  is  no  information  at  present 
to  explain  its  origin. 
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Band  R  is  not  seen  in  starch  gel  elect ropiioresis  wlien  a  separation  is 
first  performed  in  paper  using  eitlier  harhital  or  ammonium  carbonate 
biifter.  Xo  explanation  for  this  phenomenon  is  apparent.  Recent  work,  to  be 
reported  later  (21),  has  shown  that  the  material  localized  in  this  band  binds 
nearly  all  the  thyroxine  when  extremely  large  amounts  ( jug  ml.)  of 
thyroxine  are  added  to  serum.  It  is  probable,  therefore,  that  this  represents 
an  albumin  fraction.  The  apparent  changes  in  band  8  in  abnormal  sera 
are  unexplained. 

Hand  4  Tint 

Band  4  in  starch  gel  aj)pears  to  correspond  to  TB(1  in  both  barbital  and 
ammonium  carbonate  paper  electrophoresis  runs  (Fig.  .o,  (i).  The  detection 
of  a  second  smaller  component  in  TB(1  separated  by  barbital  buffer  has 
been  discussed  above.  Further  evidence  that  band  4  and  TB(J  are  ecpiiva- 
lent  is  derived  from  the  experiments  using  the  serum  from  pregnant  women 
and  from  individuals  receiving  MXT  (Figs.  1,  2).  The  increase  in  the 
thyroxine-binding  capacity  of  TB(i  in  pregnancy  (Hi,  22,  2'A)  and  the  de¬ 
crease  in  TB(j  capacity  produced  by  MXT  (1.5)  are  accompanied  by  an 
increase  and  a  decrease,  respectively,  in  thyroxine  associated  with  band  4  at 
relatively  low  thyroxine  con(*entration.  Furthermore,  the  eciuivalence  of 
'rB(l  in  the  paper-paper,  two  dimension  experiments  is  consistent  with  the 
observation  that  thyroxine-binding  capacity  of  TB(J  is  the  same  when 
measured  in  either  buffer  (S,  0).  The  difference  between  TB(1  in  barbital 
and  ammonium  carbonate  as  revealed  by  the  paper-gel  runs,  however, 
re(iuires  further  investigation  in  this  regard.  It  may  be  that  any  differences 
are  (|uantitatively  within  the  limits  of  error  of  the  techni(iue. 

'Fhe  small  amount  of  thyroxine  in  band  1  (not  visible  in  the  illustration 
I  Fig.  2])  in  the  .serum  of  a  patient  with  carcinoma  of  the  breast  is  of  interest. 
This  may  be  analogous  to  the  decreased  levels  of  TBPA  .seen  in  chronically 
ill  individuals  as  previously  reported  by  Ingbar  (Iff). 
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STUDIES  OX  THE  STATE  OF  INSULIN  IN  BLOOD:  DIS¬ 
SOCIATION  OF  PURIFIED  HUMAN  BLOOD  INSULIN 
('OMPLEX(ES)  BY  INCUBATION  WITH  ADIPOSE 
TISSUE  EXTRACTS  IX  VITRO^ 

HARRY  N.  ANTONIADKS  and  KARL  GUNDERSLN^ 

Protein  Foundation  Laboratories,  Jamaica  Plain,  and  the  Boston  Dispensary  and 
the  Department  of  Preventive  Medicine,  Tufts  School  of 
Medicine,  Boston,  Massachusetts 

ABSTRACT 

Blood  insulin  complexes  examined  for  insulin  aetivity  in  vitro  by  the  rat 
diaphraffin  assay  under  specified  conditions  did  not  exhibit  full  insulin  ac¬ 
tivity.  Incubation  of  the  blood  insulin  complexes  with  crude  and  i)urified  human 
and  rat  adipose  tissue  extracts  resulted  in  an  increase  of  insulin  activit}’  in  the 
resin  eluates.  Kxtracts  from  other  tissues,  such  as  human  liver,  kidney  and 
muscle  and  from  rat  diaphragm,  did  not  produce  similar  results.  It  is  suggested 
that  adipose  tissue  extracts  may  contain  a  system  which  i)roduces  either  free  in¬ 
sulin  from  the  blood  insulin  complexes  or  other  forms  of  insulin  which  could  be 
utilized  by  the  rat  diaphragm. 

IT  HAS  1  )eeii  reported  tliat  ha.sie  protein-insulin  complexes  extracted 
from  l)loo<l  or  .serum  with  the  u.se  of  cationic  exchange  resin  (Na'*  cycle) 
(1-3)  did  not  exhil)it  full  insulin  activity  when  examined  hy  the  rat  dia- 
phragm  ti.ssue  assay  (4)  under  specified  conditions  (o).  Removal  of  the 
basic  protein  carrier  from  the  complex  by  centrifugation  at  pH  10  resulted 
in  an  increase  of  in.sulin-like  activity.  Identical  preparations,  however,  ex¬ 
hibited  insulin-like  activity  when  examined  by  the  rat  adipose  ti.ssue  as.say 
(0)  without  prior  dis.sociation  of  the  insulin  from  its  complexed  form. 

The.se  ob.servations  .suggested  a  difference  in  the  mechanism  of  utiliza¬ 
tion  of  the  blood  insulin  complexes  by  these  ti.ssues  itt  vitro.  The  supposi¬ 
tion  that  the  rat  adipose  ti.ssue  could  utilize  insulin  in  its  complexed  form 
through  a  mechanism  pre.sent  in  this  ti.ssue  resulted  in  the  undertaking  of 
the  in  vitro  .studies  presented  in  this  communication.  The  results  indicate 
that  such  a  mechanism  is  pre.sent  in  extracts  obtained  from  human  and  rat 
adipo.se  tissue.  Blood  insulin  complexes  examined  for  imsulin  activity  by  the 

Received  May  20,  1960. 

*  This  work  was  supported  by  grants  from  the  National  Foundation  and  Eli  Lilly 
and  Company.  The  blood  serving  as  a  source  for  the  extraction  of  insulin  and  basic 
protein-insulin  complexes  was  collected  and  processed  under  a  grant  (H-2929)  from  tin* 
National  Heart  Institute. 

*  Recipient  of  Special  Research  Fellowship,  N.I.H.,  Division  of  .\rthritis  and  Meta¬ 
bolic  Diseases. 


36 


January,  UJ6I 


THE  STATE  OF  IXSI  LIX  IX  BLOOD 


37 


rat  (liaplirafjin  tissue  assay  in  the  presence  of  such  extract  exhibited  insulin 
activity,  whereas  without  the  presence  of  such  extracts  identical  insulin 
complexes  wei’e  eithei’  devoid  of  insulin  activity  or  exhibited  low  activity. 

I'ixtracts  from  other  tissues  such  as  rat  diaphragm  and  human  liver,  kid¬ 
ney  and  muscle  did  not  contribute  to  the  release  of  insulin  activity  under 
identical  conditions. 


MATERIALS  AM)  METHODS 

Extraction  of  Blood  I n.sulin  ('oni/dextes) :  Tlu*  nu'thods  for  tlic  (‘xtractioii  of  tlie  insulin 
coinplcxft's)  from  blood  with  the  nso  of  cationic  exchange  resin  (Xa"*  cycle)  have  bt'cn 
dcscrilx'd  cls*'whcrc  (3).  In  these  stmlics  the  followinfr  fivt*  i)rei)arations  from  normal 
subjects  have  bi'cn  ('mi)loyed: 

Lot  Old  rei)rescnts  the  extract  from  four  liters  of  blood  collecteil  throuffh  cationic 
exchange  resin  (Xa"*"  eyede).  I  he  resin  columns  were  washed  with  0.15  M  XaC’l  and 
eluted  with  O.lX  HjS()4  ())H  2.0).  I'he  combiiu'd  resin  eluates  were  dialyzed  against 
0.02  M  XaCl  and  lyophilizc'd.  The  dric'd  material  was  dissolved  in  tJey  and  (ley  bi¬ 
carbon  ite  buffer,  dialyzed  against  ten  volumes  of  the  same  buffer,  and  assayed  for  in¬ 
sulin  activity. 

1.0  s  (ISO.  OSl,  0S2  and  101  were  eluted  from  the  n‘sin  columns  (by  ammonium  hy¬ 
droxide  solutions)  (3)  following  blood  collection.  'I'he  eluati’s  were  dialyzed  against 
0.02  .M  XaCl  and  lyophilizial.  'I'he  dried  material  was  dissolved  in  (ley  and  (ley  bicar¬ 
bonate  biiffm-.  dialyzed  against  the  same  buffer,  and  assayed  for  insulin  activity.  Lots 
OSO.  OSl  and  0S2  represent  the  extract  fntin  2-3  liters  of  plasma  e.-udi,  and  lot  101  repre¬ 
sents  that  from  about  20  liters  of  plasma. 

Breparation  of  Tisane  Extracts:  Hat  Adipose  Tissue  Extract  (RATE)  was  obtained  by 
homogenizing  epididymal  adijMise  tissue  of  male  rats  (weighing  SO  to  120  gm.)  with  (ley 
and  (ley  bicarbonate  buffer.  'I'he  epididymal  adipose  tissue  })rior  to  extraction  was  ki'pt 
frozen  at  —20°  ('.  'I'wo  to  five  grams  of  the  frozen  ti.ssue  was  homogenized  in  a  'I'eflon 
tissue  grinder  with  10  to  20  ml.  of  cold  (ley  and  (ley  bicarbonate  buffer  at  2°  C.  'I'lu' 
homogenate  was  centrifuged  at  3,000  r.p.m.  at  2°  ('.  for  30  ndnutes,  and  the  fat-free 
fluid  portion  of  tin*  homogenate  was  collected.  When  m'cessary,  the  centrifugation  was 
reiM'ated  in  order  to  remove  the  fat  contaminating  the  tissue  extract.  I'he  adi])ose  tissin* 
extract  was  stored  at  —20°  ('.  Iluinan  anil  Bovine  adipose  tissue  extracts  (mesenteric 
fat)  wen*  obtained  with  (ley  and  (b'v  bicarbonate  buffer  with  a  method  sinular  to  that 
emi)loyed  for  the  i)reparation  of  the  rat  a<lii)ose  tissue  extract. 

Extracts  from  human  livt'r,  kidney  and  muscle  and  rat  diai)hragm  were  also  pre])ared 
with  (ley  and  Gey  bicarbonate  buffer.  'I'he  tissues  were  stored  at  —20°  C.  prior  to 
homogenization.  Samples  from  human  tissues  wen*  collected  from  mjiidiabetics  post 
mortem.  'I'he  tissues  were  homogenized  from  the  frozen  state  in  a  'I'eflon  ti.ssiu'  grimh'r 
as  descril«‘d  above.  'I'he  tissue  extracts  were  stored  at  —20°  C. 

Partially  purified  human,  bovine  or  rat  adipose  tissue  (>xtracts  were  obtained  by 
cold  ethanol  precii)itation.  10  to  20  ml.  of  tin*  crude  extract  were  brought  to  OO^J 
ethanol  concentration  at  —.5°  C  under  continuous  stirring  with  the  use  *)f  ()')%  ethanol 
at  pH  7.2 +  0.2.  'I'he  mixture  was  stored  at  —.5°  C  overnight,  and  the  i)recipitate  was  re¬ 
moved  by  centrifugation  at  —.5°  ('  at  3.000  r.p.m.  for  30  minutes.  'I'he  supernatant  fluid 
was  dilut(‘d  with  cold  distilled  water  in  order  to  bring  the  ethanol  conccuitration  to 
4-0%.  'l'h(‘  mixture  was  then  lyophilized  from  the  frozen  state.  'I'he  dried  material  was 
dissolved  with  sufficient  cold  distilled  water  to  bring  the  volume  to  that  of  the  original 
volume  of  the  crude  extract  employed  for  the  purification.  'I'he  purified  extract  was 
stored  at  —20°  C. 
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Assay  of  fnsulin  Activity:  Insulin-like  activity  was  determined  by  the  rat  diaphragm 
tissue  assay  (4).  This  method  is  based  on  the  increment  of  glucose  uptake  by  this  tissue 
in  the  presence'  of  insulin. 


RESULTS 

Lyophilized  resin  eluates  were  dissolved  in  (ley  and  (ley  l)i(*arl)onate 
buffer  (lo  mg.  of  resin  eluate  per  ml.  l)uffer)  and  dialyzed  against  ten 
volumes  of  the  same  buffer.  Part  of  the  solution  was  assayed  for  insulin 


RESIN  ELUATES 

*  Incubate'il  with  human  aeTniose  tissue  extract. 

Fig.  1.  Hioassay  of  blood  insulin  complex(es)  before  and  after  incubation 
with  rat  adijeose  tissue  extracts. 


activity  by  the  rat  diaphragm  tis.sue  assay  <lirectly  and  without  tlie  pres¬ 
ence  of  tissue  extract.  On  the  same  day  an  identical  portion  of  the  resin 
eluate  was  assayed  for  in.sulin  activity  in  the  presence  of  the  tissue  extract 
(O.o-l.O  ml.  of  the  extract  was  added  to  10  ml.  of  incubating  medium). 

Figure  1  shows  that  incubation  of  the  various  eluates  with  rat  adipose 
tissue  extract  resulted  in  a  many-fold  increase  of  insulin  activity  in  the 
eluate  as  compared  with  the  control  eluate,  which  was  a.ssayed  without  in- 
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TaBI.K  1.  I.Nsri.lN  ACTIVITY  «IK  BLOOD  KKSIN  KI.TATKS  BKKOKK  AND  AKTKK  IMM  BA- 
TION  WITH  III  MAN  ADIPOSK  TISSI  K  (HAT)  AND  HAT  ADII’OSK  TISSI  K  (RAT)  EXTRACTS 


l.ot  No.  I 

Material 

Total  ulueose  uptake  in  /ig.  [ler 

10  mg.  dry  diaphragm +S.1-;. 

()1(>* 

Lot  Olt)  without  H.\T  extract 

'.)0±  8t  02  ±  8 

Lot  OK)  with  H.\T  extract 

132±  0  228  ±22 

1 

(fto  Jig.  nitrogen) t 

OSO* 

Lot  OHO  without  H.\T  extract 

l(2±ll  00+  1) 

Lot  080  with  H.\T  extract 

222  ±  0  221  ±20 

(30  jun.  nitrouen )  t 

OSl* 

Lot  081  without  H.\T  extract 

20  ±  1 1 

Lot  081  with  I{.\T  extract 
(30  /iK.  uitroueult 

220  ±  1.') 

(IH2* 

Lot  082  without  U.VT  extract 

102  ±  1  1 

1  Lot  082  with  U.\T  extract 

1  (30  tm.  nitrogen) t 

100±  0 

101* 

Lot  101  without  1{.\T  extract 

30  +  10  80  +  !) 

Lot  101  with  1{.\T  extract 
(18  fj^r.  nitrogen ) t 

178  ±10  288  ±  1) 

U.\T  extract  alone  (n-0) 

i  -4  ±  0 

II.\T  extract  alone  (n-0) 

1  0  ±  2 

j  bicarbonate  luilTer  alone  (n-12) 

208  ±  1 

*  Dialyzed  overiiiulil  at  2°  (‘  ai^ainst  20  volmiies  of  (lev  and  (ley  Oiearhoiiate  luilTer. 
t  Nitroneii  eoiiteiit  of  (lie  extract  per  ml.  ineuliatiiii:  medium  used  in  each  determination. 
J  .Ml  determinations  were  made  in  tripliivite  and  ealeulated  as  net  ulni-ose  uptake aliove 
eoiitrol  (Inirt'er  alone). 


(‘uhatioii  with  the  extract.  The  ti.ssue  extnict  tiloiie  (t)..')  1.0  ml.)  jithled  to 
10  ml.  of  ( ley  and  (ley  hicarhoiiate  hulVer  had  no  in.'^ulin  tictivity. 

Table  I  .summarizes  the  results  of  the.se  experiments,  includinjf  the  data 
for  the  control  ti.ssue  extract  and  the  control  eluates. 

Figure  2  shows  the  effect  of  the  concentration  of  the  rat  adipose  ti.ssue  ex¬ 
tract  on  the  increa.se  of  the  insulin  activity  in  the  resin  eluate.  .\  crude  ti.s¬ 
sue  extract  with  a  nitrogen  content  of  IS  /ug.  per  ml.  of  incubating  medium 
was  adecpiate  for  the  increase  of  the  insulin  activity  in  the  eluate.  bower 
concentrations  of  rat  adipose  tissue  extract  incubated  with  insulin  com- 
plex(es)  under  the  .same  conditions  relea.sfal  lower  amounts  of  insulin  from 


Ki(i.  2.  Kffect  of  coiieentriitioii  of  rat 
adipose  tissue  extract  on  tin*  release  of 
insulin  activity  from  blood  insulin  eoni- 
plex((‘s). 


RAT  ADIPOSE  TISSUE  EXTRACT  IN  pg  of  NITROGEN 
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Tabi.k  2.  Tiik  kfkk<  t  of  iiin  tion  on  thk  activity  of  hat  adii'osk  ti.ssi  k  f;xtrait 


Lot  Xo. 

H.\T  extract  mK.  ■ 
nitro<!en  p(‘r  ml. 
incuhatini;  medium 

Total  filucose  uptake  in  /uu.  10  mu. 
dry  diapliraum +S.l'i. 

HU* 

Kxp.  1  Exp.  2 

0 

80+  Ot 

2.1 

148  +  13 

21 

184  -  8 

3(1 

180  +  5 

2I(>  1 

288+  !t  1  200+3 

432 

'  230  +  1 

720  ' 

i  248  +  4 

*  Dialyzed  overnight  at  2“  (*  atiaiiist  200  volumes  of  (icy  ami  (Jey  liiearWouate  hiilTer. 
t  All  deterniiiiatioiis  were  maile  in  trijiHeate  ami  calculated  as  net  ulueose  uptake  ahovr 
control  (l)utT(‘r  alone). 


tlie  eluate,  and  in  the  aitsenco  of  the  tis.'<ue  extract  the  insulin  activity  was 
not  significant  (Table  2). 

Ejjcrt  of  pre-incubation  time:  Hat  adipose  tissue  extracts  were  pre-in- 
cubated  with  re.sin  eluates  for  o  to  (it)  minutes  at  .’47°  C  before  the  incuba¬ 
tion  with  the  rat  diaphragm  tissue  retpiired  by  the  assay.  Figure  :4  shows 
that  pre-incubation  of  the  eluate  with  the  tissue  extract  forlfO  minutes  re¬ 
sults  in  optimal  release  of  the  insulin  activity  in  the  resin  eluate. 

Separation  of  the  Aetiritp  from  Rat  Ad ipo.se  Ti.s.sne  Extract  bij  Paper  Elect ro- 
phore.si.s 

A  portion  of  a  purified  extract  ((50%  ethanol  supernatant )  obtained  from 
rat  adipose  ti.ssue  was  applied  on  paper  strips  (S  and  S  470)  and  subjected 
to  electrophoresis  for  1(5  hours  in  phosphate  buffer,  pll  7.4  at  8')  ma.  at 
2°  (\  A  paper  strip  carrying  human  plasma  was  run  in  the  same  machine 
simultaneously.  The  paper  strip  carrying  the  plasma  control  was  stained 
for  proteins,  and  the  paper  strips  carrying  the  adipose  ti.ssue  estract 
(duplicate  experiment)  were  cut  into  .sections  corresponding  to  the  y- 
globulin,  /i4-globulin,  aj-globulin  and  ai-globulin  albumin  zofie.  The  ex¬ 
tract  from  each  paper  cut  was  incubated  with  the  resin  eluate  (lot  OSl).  As 
is  shown  in  Figure  4,  the  extract  from  the  ai-globulin/albumin  zone  dem- 


Fui.  4.  Kffcct  of  prc-iiiciiliatloii  time  on 
tlic  release  of  insulin  activity  from  hlood 
insulin  coinplex(es)  in  the  presence  of  rat 
adipose  tissue  extracts. 


PP£>  INCUBATION  TIME  IN  MINUTES 
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DISTANCE  -  CMS 

-I  O*l  2345678 

PHOSPHATE  BUFFER, pH  74,r/2  O.I.25*C 

X 1  ^  1  1  1  A 

PLASMA  CONTROL 

0.6 

INCREASE  OF  INSULIN(mu) 
ACTIVITY  PER  ml.  ELUATE* 

0.3- 

0.1- 

RAT  ADIPOSE  TISSUE  EXTRACT 

>  \ 

1 

1 

*  riic  paper  strip  earryiiiK  the  adipose  tissue  extract  was  cut  in  sections.  Tiie  extract 
from  each  paper  eut  was  incubated  with  the  resin  eluate  (lot  OSl).  The  extract  of  the 
rti-ploeulin  A  zone  caused  an  increase  of  insulin  activity  in  the  resin  eluate.  The  insulin 
activity  of  an  identical  portion  of  lot  OSl  without  the  prc.sence  of  the  adipose  tissue  ex¬ 
tract  or  extracts  from  the  paper  cuts  was  onlj-  0.025  mu/ml. 

Fu;.  4.  Separation  of  the  active  coniponent(s)  in  the  rat 
tissue  extract  by  paper  electrophoresis. 


oiifstrated  a  .<iif>:iiificant  increase  of  insulin  activity  in  the  resin  eluate  as  com¬ 
pared  with  the  other  .sections  of  the  paper  .strip.  The  control  (re.sin  eluate 
alone)  showed  only  0.025  mu  of  insulin  activity  per  ml.  eluate. 

DISCUSSION' 

Previous  reports  .suggested  that  in.sulin  in  blood  circulates  in  a  complex 
form  with  other  substances  and,  more  .specifically,  with  proteins  having  a 
large  basic  net  charge  (1-5).  The.se  basic  protein-insulin  complexes  could 
be  adsorbed  from  blood  or  serum  on  cationic  exchange  resin  (Na+  cycle)  at 
physiological  pH.  Commercial  crystalline  insulin  dissolved  in  albumin, 
human  .serum,  or  injected  intravenously  into  nondiabetic  .subjects  failed  to 
adsorb  on  this  resin  under  identical  contitions. 

The  transport  of  insulin  in  blood  by  other  proteins  was  .suggested  to 
.serve  as  a  means  for  the  regulation  of  the  insulin  activity  in  blood  through 
an  equilibrium  between  “bound”  and  “free”  insulin.  It  was  further  sug- 
ge.sted  that  the  “free”  insulin  in  blood  could  represent  the  active  portion  of 
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this  liornione  available  to  the  tissue  (3),  Hvidenee  that  insulin  in  its  hound 
form  is  hiolofiieally  inactive  was  obtained  by  in  vitro  assays  under  specified 
conditions  {‘.i,  o).  Dissociation  of  the  insulin  complexes  by  centrifugation  at 
pH  10  resulted  in  the  demonstration  of  insulin-like  activity  in  these  prep¬ 
arations  (o). 

Dissociation  of  fiurified  blood  insulin  complexes  can  be  also  achieved,  as 
described  in  the  present  report,  by  incubating  the  insulin  complexes  with 
adipose  tissue  extracts  of  various  species.  The  use  of  adipose  tissue  ex¬ 
tracts  for  the  dissociation  of  blood  insulin  complexes  resulted  from  the  ob¬ 
servation  that  the  intact  rat  adipose  tissue  could  utilize  insulin  in  its  com¬ 
plex  form.  This  observation  suggested  that  this  ti.ssue  may  contain  a 
mechanism  for  the  utilization  of  bound  insulin.  Both  crude  and  purified 
adipose  tissue  extracts  demonstrated  the  presence  of  such  a  mechanism. 

The  increase  of  insulin  activity  in  the  blood  insulin  complexes  depends 
both  upon  the  concentration  of  the  adipose  tissue  extract  and  upon  the 
time  of  incubation  with  these  complexes.  (\)ntrol  experiments  demon¬ 
strated  that  the  adipose  tissue  extracts  alone  were  devoid  of  insulin  activ¬ 
ity.  The  activity  of  commercial  crystalline  insulin  was  not  affected  by  the 
presence  of  adipose  tissue  extracts. 

Other  ti.ssue  extracts  obtained  from  human  liver,  kidney,  muscle  and  rat 
diaphragm  did  not  have  a  similar  effect  on  the  insulin  activity  of  the  blood 
insulin  complexes. 

The  nature  of  the  mechanism  of  the  increase  of  in.sulin  activity  in  the 
blood  insulin  complexes  in  the  pre.sence  of  adipose  tissue  extracts  is  not  as 
yet  known.  It  is  po.ssible  that  the  utilization  of  the  blood  in.sulin  complexes 
by  the  rat  diaphragm,  following  incubation  with  the  adipose  ti.ssue  ex¬ 
tracts,  results  from  the  intervention  of  enzymes  pre.sent  in  the  adipose  tis- 
s»ie  extract.  Such  enzymes  may  affect  the  rate  of  dissociation  of  the  in.sulin 
fiom  its  complex  form,  the  free  insulin  exerting  its  activity  on  the  rat  dia¬ 
phragm.  Other  mechanisms  of  action,  not  understood  pre.sently,  may  also 
be  responsible  for  the  effect  of  the  adipose  ti.ssue  extracts  on  the  l)lood  in¬ 
.sulin  complexes. 

Aclxtioirlvdfimciil.s 
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ABSTRACT 

A  tliri'c  (lay  test  for  tlic  (‘valuation  of  oral  anti-cstroffcnic  activity  is  dc- 
scril)c(l  usiiif!;  2()-2iT(lay-ol(l  female  Swiss  albino  mice  which  are  stimulated  with 
s(d)eutan(‘ously  administeri'd  (‘strone.  Tlu'  test  comi>ound  is  administered 
simultaneously  by  <!;avafi:(‘.  The  end-point  is  the  (h'^ree  of  iidiibition  of  (‘stroj^en 
l)rodue(‘d  uterine  f;rowth.  I'lu*  relati\('  anti-estrofjc'nie  iMiteneies  of  2o  steroids 
are  rei)orted  on  the  basis  of  the  minimum  wc'i^ht  of  comijound,  administered 
by  Kiiva^e.  nec'ded  to  produce  a  statistically  siffiiiticant  inhibition  of  the  uterine 
stimulation  ])roduced  by  0.4  mK-  of  estrone.  Corn-lations  of  structun*  and  ac¬ 
tivity  may  be  summarized  as  follows:  reduction  of  the  A^-:Tk(‘to  f^nmi)  in  rin^ 

to  th(‘  ')a-3-ket(t  causc'd  (‘itlu'r  a  decr(‘as(‘  in  activity  or  no  net  change,  h)ss  of 
carbon  19,  with  few  exceptions,  caused  increased  activity,  and  the  introduction 
of  17a-alkyl  };roui)s  resulted  in  incrc'ased  anti-estidf;enic  activity  in  about  one- 
half  the  ease's  studied. 

'l'h('  anti-estro>f('nic  activity  of  steroids  was.  with  only  one  or  possibly  two  e.\- 
(•(‘ptions,  fjreati'r  by  subcutaneous  injection  than  by  <Hher  comi)ara- 

tiv(‘  fixtures  are  }>;iven  for  relative  potencies  by  subcutaiu'ous  injection  and 
•ravage. 

IX  A  pipviou.s  paper  a  test  for  aiiti-estrou;eiiie  aetivity  was  sujrfjiested  in 
wiiieli  the  inhibitor  was  administered  subentaneoiisly  ami  eertain  eor- 
relations  between  steroid  strueture  and  biolosieal  aetivity  were  jiresented 
(1).  Tlie  present  eomnuinieation  deseribes  a  parallel  study  where  the 
inhibitors  were  administered  by  gavase.  Speeifieally,  this  report  deals  with 
the  relative  ajiti-estro^enie  potency  of  steroids  admitiistered  by  }>;avatt:e, 
correlation  of  strindure  and  relative  ])oteney  by  this  route,  and  finally  a 
comparative  study  of  selected  steroids  administ’cred  by  both  subcutaneous 
injection  and  by  {j:ava5^e. 


METHODS  AND  M.VTERIALS 

Twenty-  to  twcnty-two-day-old  Swi.ss  albino  mice  were  subcutaneously  inj(*cted  with 
estrone  once  daily  for  ttiree  days,  'i'he  total  dose  of  0.4  mK-  estrone  was  contained  in  0.3 
ml.  of  s(>same  oil  and  0.1  ml.  was  injectc'd  (>ach  day.  The  total  dose  of  the  t(‘st  compound 

Received  .Tune  1,  191)0. 
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wa.x  s«usp(‘n(l(‘«l  in  O.fi  ml.  of  an  aqueous  medium,  0.2  ml.  beins  administered  daily  by 
savage  for  three  days.  The  aqueous  medium  eonsisted  of  sodium  ehloride  (0.9%), 
imlysorbate  80  (0.4%),  earboxymetliyleellulose  (0.5%),  and  benzyl  alcohol  (0.9%).  One 
day  after  the  last  injections  the  mice  were  saerifieed  and  the  uterine  and  body  weights 
were  determined. 

The  assays  were  run  in  lots  of  132  mice  which  were  divided  into  14  groups  in  a  niann(>r 
similar  to  that  described  previously  (1).  One  group  of  12  mice  served  as  sesame  oil  in¬ 
jected  control  animals,  another  group  of  12  mice  received  a  total  dose  of  0.4  /ig.  estrone. 
The  remaining  12  groups  of  9  mice  each  received  the  test  eomimunds.  Tsually  a  single 
compound  was  studied  at  three  or  mon*  concentrations  in  any  speeifie  assay.  Finally, 
to  arrive  at  the  relative  activity  of  a  given  eom|)ound,  all  the  data  for  a  speeifie  compound 
at  a  speeifie  dose  were  combined.  To  determine  the  minimum  do.se  to  |)roduee  inhibition, 
a  response  was  chosen  which  when  calculated  statistically  gave  a  value  for  P  of  less 
than  0.02. 


RESULTS 

The  relative  anti-estrogenic  activity  of  various  steroids  administered  by 
gavage  is  presented  in  Table  1.  The  compounds  are  listed  in  the  order  of 
decreased  potency  on  the  basis  of  the  minimum  (piantity  nece.s.sary  to  pro¬ 
duce  a  statistically  significant  inhibition.  Al.so  tabulated  is  the  maximum 
inhibition  attained  at  any  do.se  studied.  This  was  calculated  from  the  mean 
uterine  weight  of  the  mice  treated  with  0.4  pg.  of  estrone.  For  example,  if 
the  uterine  weight  was  oO  mg.  for  0.4  jUg.  of  estrone,  and  the  mean  uterine 
weight  for  a  hypothetical  group  treated  both  with  0.4  ^/g.  of  estrone  and  an 
effective  inhibitor  was  2o  mg.,  the  inhibition  was  recorded  as  ’){)%,.  This  is 
low  compared  to  a  calculation  which  would  correct  for  the  uterine  weights 
of  the  .sesame  oil  treated  mice.  I.n  the  latter  ca.se  the  uterus  would  be  about 
10  mg.  and  the  stimulation  would  account  for  40  mg.  of  tissue.  The  net 
stimulation  for  estrone  plus  inhibitor  wouhl  then  be  lo  mg.  and  the  per 
cent  inhibition  would  be  G‘A%. 

TaBI.K  1.  HkI.ATIVK  A.NTI-KSTROOKMl  ACTIVITY  OF  STEROIDS  ADMI.MSTEREI)  BY  GAV'AGE 

(0.4  /ug.  Estrone  Injected  Subcutaneously) 


Steroid 

Total 
Xo.  of 
inipp 

DosaRp  ranpp 
studied  (np.) 

Miniiimin  dose  to  pro-  Maxiiimiii 
diice  inhibition  inhibition 

(lie.)  % 

17a-Mothvl-19-NortP8to8toron(* 

■Jan 

a-  .5(K) 

40 

44 

17a-Kthvl-19-Norto8t<>storonc 

*227 

40  10, (MH) 

40 

43 

17a-KthvnvUl9-N<)rtestost<*n>m* 

238 

2-  1,(KKI 

32 

40 

17a-M<*thvltc*8io8teronp 

270 

4-  2,(HM) 

2.50 

36 

17a-Kthvnvl-19-Norandro8tanp-ii^.l7^J-I)iol 

KI.A 

HH)-  2,(KK) 

.51M1 

34 

Andro8tan<*-3d.l7d'r)iol 

88 

.50  lO.lNM) 

1  ,1KN) 

36 

19-\()rte8to8toron(* 

118 

10  4.1NNI 

1  .INHl 

17 

17a-Mot  hvl-l'.)-Nor-17d-H  vdn»\vandr(>»tan“3-oiu* 

117 

100-  2.0<HI 

1  ,(HNI 

24 

I)(*8oxvcortico8teronp 

118 

10  4,<NM) 

2.1MM) 

30 

17a-Methvl-l7d“Hvdroxvandro8tan-3*onp 

21 

1--  4.(KH) 

2.(MM> 

22 

17a-MetIivl-19-Norandrostane-33.17<J-I)ir>l 

1116 

lO-lO.IMMI 

4, INK) 

40 

m-Xor-17d-Hvdroxvandrostan-3-one 

l.Vt 

UK)-  lO.IMMi 

4, (MM) 

36 

Te8t08t<*rono 

30<) 

10-  4,(KH> 

4. (MM) 

10 

17a-KthvnvI-19-Nor-17d-Hvdroxvandro8tan-*{-onp 

.30 

1,(KK)-10,(KK) 

4, (MM) 

12 

1 9-X  orandrost  ane-3d.  1 7d-  Oiol 

27 

1-10, (KK) 

4, (MM) 

20 

17a-Vinvl-l‘.>-Xorandro8tanp-3d.l7d-ni<>I 

17^ !  1  vdrox  vandroatan-3-<HH* 

27 

1,(KH)-10.(KK) 

4, (MM) 

11 

1.5!t 

.5  4,(KH1 

4, (MM) 

24 

17a-KthynyitP8tc)stpnmo 

17a-Methyl-A>-Androalpne-3^.17d-ni<>I 

17o-Kthyl-19-Xorandro8tano-3d.l7^-l>iol 

19-Xor-A*-Andro8tene-3,17-I)i<mo 

17a-Kthylte8to8terone 

17a-Vinyl-19-Xor-17d-Hydroxyandro8tan-3-<»n<* 

ProKostprone 

103 

288 

24 

216 

120 

.tO-  4.000 
1-  4,)HK) 
1,(MK)  10. (MK) 
10-  1,)KKI 
1-  4,(HK) 

1 , IKK)  10, IKK) 
.50  1,(KK) 

4. (KM) 

4,)KK)  (Negative) 
10, (KK)  (Negative) 

1  ,(KK)  (Negative) 
4,(KK)  (Negative) 
10, (KK)  (Negative) 
1,(K)0  (Negative) 

20 
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Table  ‘2.  Infi.i  ence  <»f  loss  of  ('-!*,)  (formation  of  III-nou 
derivative)  on  ANTI-ESTRoOENIC  activity  ((iAVA(iE) 


Lowest  total  (lose  ini’.) 


Steroid 

No.  of 
mice  on 
steroid 

No.  of 
mice  on 
111-nor 
steroid 

]iro(liieini;  inhiliition 

Itt-nor 

Steroid  steroid 

(A)  (111 

lO-nor. 
eiihaneini; 
ratio 
=  A/H 

Testosterone 

:«)•» 

1  18 

1(100 

1000 

4 

17o-Methyltestosterone 

•J7() 

I'ti.T 

2.i0 

40 

(i .  ■) 

17rt-Kt  hyltestosterone 

•_>Hi 

227 

1000 

40 

>  100 

1 7a-Ht  hy  Hyltestosterone 

loa 

2:18 

( Xeuative  i 
4000 

100 

40 

^'-An(lrosten(>-3, 17-1  )ione 

Mi 

"2 

.■)00 

1000 

— 

17f<-Hy(iroxyandrostan-a-(ine 

1(11 

loU 

( Negative) 
4000 

( Xetjativel 
4000 

1  .0 

.\n(lrostane-af<-17fJ-l)iol 

88 

27 

1000 

4000 

0 . 25 

17«-Methyl-1 7ft-Hy(lroxy- 
aiulrostan-S-one 

•JOtl 

117 

2000 

1000 

2.0 

'riie  removal  of  (•arl)oii  1!)  produced  increased  activity  in  dve  instances, 
no  change  in  one,  and  a  decreased  activity  in  one  ettse  (Table  2).  The  rela¬ 
tive  potency  of  A^-androstene-d,17-dione  and  the  ll)-nor  derivative  could 
not  he  determined  Yvith  certainty  since  no  significant  iidiihitions  cotdd  he 
determined.  Most  striking  was  the  enhancement  of  anti-estrogenic  action  of 
>  100  and  10  times  for  the  changes  hrought  about  by  the  removal  of  carbon 
10  from  17a-ethyltestosterone  and  17a-ethynyltestosterone,  lespectively. 

Ueduction  of  the  A^-double  bond  to  the  oo- dihydro  derivative  (Table  .‘1) 
did  not  result  in  any  significant  increase  in  anti-estrogenic  activity,  l)ut 
rather  a  severe  reduction  of  activity  in  one  instance.  The  minimum  dose 
showing  a  statistically  significant  decrease  for  17-met hyltestosterone  was 
increased  from  250  mK-  to  2000  mK-  <>n  saturation  of  the  A'-doul)le  bond. 

(Ireat  variations  in  anti-estrogenic  activity  resulted  from  the  replace¬ 
ment  of  the  17a-hydrogen  by  a  17«-methyl  group  (Table  4).  .Vnti-estro- 
genicity  was  sharply  decreased  by  this  change  for  A^-androstene-.Sd,17d- 
diol  and  10-norandrostane-d;d,l 7p-diol,  where  eidiancing  ratios  of  <0.25 
and  0.1,  respectively,  were  found.  True  eidiancement  was  found  for  testo- 


TaBI.E  a.  InFLIENCE  (IF  RElirCTKIN  (IF  .i'  CRdll’  T(  I  ~Ut  ('( I N  FIC  I  R  ATI  ( I N 
(IN  ANTI-F;sTR(l(iENIC  ACTIVITY  (CAVAIIE) 


Ldwest  total  (lose  pro- 


Steroid 

No.  of 
inie(>  on 
steroid 

No.  of 
mice  on 
oo-steroid 

diieintt  inhiliition  (ju);.) 

Steroid  .5(»-ster(ii(l 

(A)  (ID 

.5(»-redueinu 
enhaneiii): 
r.atio  =  A  H 

1 7a-Kt  hyltestosterone 

21ti 

4.5 

10,000 

(NeKative) 

Nenativi'  at 

1  ,000 

17o-Met  hyltestosterone 

270 

200 

2.50 

2,000 

0,  la 

Testosterone 

aoo 

101 

4,000 

4  ,000 

1  .0 

10-Xortestosterone 

118 

(i:i 

1  ,000 

Netiative  at 

1  ,000 

<  1 
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Table  4.  Infh  exce  ok  ITo-methyi.  .si  bstiti  ent  on  axti- 

E.STROCJEXIf  ACTIVITY  (OAVAOE) 


Steroid 

Xo.  of 
iniee  on 
steroid 

X;o.  of 
mice  on 
17a- .Methyl 
steroid 

Lowest  total  dose  pro- 
diieint!  inhibition 

•  1  17a-inethvl 

Fold  .  '  1 

, .  ,  steroid 

(H) 

1  7a- 
niethyl 
enhanc¬ 
ing  ratio 
A/B 

T»“stosteroiU‘ 

;{()'.» 

270 

4,000 

2.50 

It) 

H)-Xortestosteroiie 

118 

180 

1  ,000 

40 

2.5 

llt-Xor-1 7d-tt  ydro\>-aiidro- 
stan-:t-oiie 

l.')‘t 

72 

I0,t)00 

(Xegative) 

10,000 

(Xenative) 

— 

A^-.Viidrosteiie-dd,  17d-l  )iol 

88 

288 

1  ,000 

4,  otto 
(Xenative) 

<  0.2.5 

1 7d-llydroxyaiidrostan-H-oii(.- 

101 

200 

4,000 

2,000 

•j 

Itt-Xorandrostane-ad,  1 7,i- 1  )iol 
17d-l)iol 

•27 

100 

1  ,0t)0 

10,00t) 

0.1 

(l<i  tiine.s),  lO-norto.'^to.stonioe  (2*)  and  ITd-liydroxyandro- 

.><tan  R-one  (2  time.';). 

An  enliancoinent  ratio  of  2o  times  was  oliserved  for  the  17a:-et}iyl  modifi¬ 
cation  of  lf)-nortestosterone  hut  actual  decreases  in  activity  were  found  for 
the  two  other  compounds  (Table  o).  The  enhancement  ratio  was  le.ss  than  1 
for  testosterone  and  that  for  H)-norandrostane-.‘i/tf,l”/^-(lh)l  le.ss  than  0.1.  Xo 
decreases  in  enhancement  latio  were  found  when  the  ITa-ethynyl  firoup 
was  substituted  for  the  ITa-hydrofien  but  t!ie  activity  of  two  compounds 
remained  imcliaiiKed  (Table  (i).  The.se  steroids  were  testosterone  and  llji- 
}iydroxyandrostan-;i-one.  lO-Xortestosterone  was  changed  from  a  com¬ 
pound  active  at  1000  jug.  to  one  active  at  .‘12  yg.  by  the  introduction  of  the 
ethynyl  group.  Of  particular  interest  was  the  fact  that  the  anti-estrogeni(* 
activity  of  10-norandro.stane-:id,l~/^-diol  could  be  enhanced  2  times  with  a 
17«-ethynyl  group  in  contrast  to  the  severe  loss  of  activity  on  the  addition 
of  either  the  17«-ethyl  or  17a-methyl  groups  where  eidiancement  ratios  of 
<0.1  and  0.1  were  found,  respectively. 


'I'aBLE  ii.  InKLI  ENCE  ItF  17«-ETHYI.  SI  BSTITI  ENT  <>.\  A.NTI- 
ESTKiniE.MC  ACTIVITY  (CAVACE) 


Lowest  total  dose  pro- 


Steroid 

Xo.  of 
mice  on 
steroid 

Xo.  of 
mice  on 
17a-ethyl 
steroid 

diieing  inhibition  (/xK-) 

;  I  1 7a-ethvl 

r:"‘  ^<teroi,i 

(H) 

1  7a- 

et  hyl  en- 
haneing 
ratio 
=  A/B 

Testosterone 

800 

210 

4,000 

4,000 

(Xi'gative) 

<  1.0 

10-X'ortestosterone 

1 18 

227 

1  ,000 

40 

2.5 

10-Xorandrostam‘-:{fi,  1 7d-l  )iol 

27 

24 

1  ,000 

10,000 

(Xi'gative) 

<0.1 

January,  1961 
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TaBI.E  ().  InFI.I  EXCE  of  17a-ETIIYXYE  SI  BSTITl  ENT  ON  ANTl- 
ESTRO(iENI('  ACTIVITY  (oAVAOE) 


Steroid 

No.  of 
mice  on 
steroid 

No.  of 
mice  on 
17a-etliynyl 
.steroid 

I.owe.st  total  do.s('  pro- 
diiein^  inhibition  (mK-) 

;  1  17o-ethvnvl 
t)l(l  ,  •  1  * 

/  .  ,  .steroid 

(H) 

1  1  a- 
ethynyl 
enhaneinti: 
ratio 
=  .\/H 

'I'estosteroiie 

dOi) 

lOd 

4000 

4000 

1  .0 

l‘t-\ortesto.'<t(Tone 

1 18 

2d8 

1000 

d2 

di 

nt-Noraiidrostaiie-dd,  •"d-ldol 

27 

1(1.') 

1000 

.')00 

2.0 

1  Td-Hydroxyandrostan-d-oiie 

101 

do 

4000 

4000 

1  .0 

I)IS('USSI<)\ 

The  rediK'tion  of  the  A'-R-koto  {»:roup  in  rin^;  A  resulted  in  either  no 
(*hanfi:e  or  a  loss  in  biological  activity.  Xo  enhancement  of  activity  was 
found  for  the  four  compounds  studied.  l']nhancement  of  anti-estrogenic 
activity,  however,  was  found  for  o  of  the  S  compounds  studied  in  which  loss 
of  caibon  11)  was  the  structural  modification.  This  enhancement  varied 
from  a  factor  of  2  for  17a-methyl-17d-hydroxyandrostan-d-one  to  over  UK) 
for  17a-ethyltestosterone.  The  introduction  of  17a-alkyl  5ii’t>'iP'^  fhe 
17a-hydroa;en  atoms  enhanced  the  biological  activity  in  ti  of  the  Id  in¬ 
stances.  The  eidiancement  factor  from  testosterone  to  methyltestosterone 
was  It),  which  was  expected  on  the  basis  of  the  known  high  oral  androgenic 
activity  of  the  methyl  compound  compared  to  the  low  activity  of  the  par¬ 
ent  compound. 

The  anti-estrogenic  activity  of  all  steroids,  with  one  exception,  was 
significantly  greater  when  administered  by  sidicutaneous  injection  than  by 
tlie  oral  route.  Some  of  these  differences  are  indeed  striking  (Table  7).  For 
example,  17d-hydroxyandrostan-d-one  was  10  times  more  active  by  injec¬ 
tion  and  17a-methyl-H)-nor-17d-hydroxyandrostan-d-one  was  20  times 
more  active  by  the  same  route.  One  exception  was  the  case  of  17o-methyl- 
10-nortestosterone  which  produced  a  minimum  effect  at  d2  gg.  subcutane¬ 
ously  and  a  similar  effect  at  ft)  /zg.  by  gavage.  This  difference  in  dosage  is 
not  .significant.  This  may  also  be  true  for  17a-ethynyl-10-nortestosterone, 
where  the  sulxnitaneous  dose  of  1(1  /zg.  and  gavage  dose  of  02  ^ig.  are  perhaps 
not  significantly  different.  On  the  other  hand,  the  relative  potency  of  17- 
ethyl-lO-nortestosterone  by  the  two  routes  shows  a  ratio  of  5  for  subcuta¬ 
neous  to  gavage  administration  efficiency. 

When  enhancing  ratios  for  certain  structural  modifications  were  com¬ 
pared  for  the  subcutaneous  and  gavage  routes,  interesting  and  surprising 
differences  were  ob.served.  As  indicated  in  Table  S,  the  dihydro  (oa)  deriva¬ 
tive  of  testosterone  is  equal  to  that  of  testosterone  by  gavage,  but  by 
subcutaneous  injection  the  dihydro  derivative  was  ~)  times  more  active. 

Fxcellent  agreement  for  the  two  routes  is  .seen  for  structural  changes 
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TaBI.K  7.  'I'llK  COMI’ARATIVK  ANTI-KSTHOCKMC  ACTIVITY  (IK  VARKICS 
STKRdIDS  BY  Sl  BcrTANKdl  S  IN.IKCTION 

(I)mI:i  dll  Siiliciitaiicdiis  Injection  (SI)  from  Dorfinan  el  al.  (l!(5'.l) 
and  liv  ( iavaue  (<  ■ ) ) 


Minimum  dose  to  Maximum 

produce  inhibition  inhibition 

Steroid  (^g.)  '  % 


SI  (’.  SI  (; 


1 7a- lit  hyl- llt-Xortestosterone 

8 

40 

54 

48 

17a-l'Ahynyl-ll)-Xortestosterone 

It) 

:i2 

50 

40 

17a-Methyl-ltt-Xortestosterone 

:V2 

40 

40 

44 

17a-Methyltestosterone 

.VI 

250 

H5 

85 

17a-Methyl-ltl-Xor-17ti-IIydroxyandrostan-a-one 

■)() 

1 ,000 

:i8 

24 

1 7d-IIydroxyandrostan-:i-one 

10(1 

4,000 

:io 

24 

1 7a-Kihvl-lll-X()r-l  7d-llv(lr(ixyan(lrostan-a-one 

•250 

27 

Androstane-ad,  1 7  d-diol 

250 

1 ,000 

2‘2 

80 

Testosterone 

500 

4,000 

iit'i 

10 

1 11- Nor- 1 7ti- 1 1  y (1  roxy a  ml  rost  a  n-:{-o ne 

500 

4,000 

:V2 

80 

lll-Xortestost  crone 

500 

1 ,000 

aa 

17 

17a-Kt  hynyl-lll-Xor-  17d-Ily(lr()xyan(lrostan-a-()ne 

500 

4,000 

27 

12 

17a-Vinyl-lll-Xor-l  7^i-IIy(lro\yandrostan-:l-one 

500 

>10,000 

•20 

17-Kt  hvnvltestosterone 

500 

>  4,000 

22 

17a-Kt  hvnvl-lll-Xorandrostan-;{d,  1 7d- 1  >i()l 

1  ,(H)0 

500 

14 

84 

lll-Xorandrostane-:if<,  1 7fi-l  )iol 

>4,000 

4,000 

•20 

iiivolvini?  loss  of  carhoii  11)  for  1 7«-et  liyiiyltestosterone  and  17a-etliyltesto- 
sterone.  The  enhaneinfj  ratios  by  the  two  routes  were  (juite  similar  for  these 
compounds  (Table  D).  This  was  not  the  case  for  the  other  four  compounds 
and  their  corresjKindinj;  l!)-nor  derivatives.  In  all  other  instances  a  signifi¬ 
cantly  higher  enhanciiifi;  ratio  w;is  found  by  Ravage.  The  ratios  of  the 

'I'aBI.K  8.  CdMeARATIVK  KMIAN(  INC  RATIOS  AS  A  RKSI  LT  OK  A^-RKI)I CTIdN  (5«)  BY 
SI  BCCTANKors  INJKCTId.N  (SI)  AM)  OAVAGK  (<i) 


Steroid 


Kidianeing  ratio 


SI 


(i 


Testosterone 

llt-Xortestosterone 

17a-Metliyltestusterone 

l7a-l-Aliyltestosterone 

1 7a-M(“t  hyl-l^)-Xortestosterone 
l  70?-  Kt  hyny  1-1  t)-Nortestost  (‘rone 


.j  1  .0 

1  <1 

U.KI 

O') 

D.oa 


TaBI.K  t).  CdMeARATIVK  KMIANCINC  RATIOS  AS  A  RKSI  I.T  OK  LOSS  OK  ('-1!)  (KORMA- 
MATION  OK  I'.t-Ndll  IiKRlVATIVK)  BY  SI  BCCTAXEOCS  INJECTION 
(SI  I  AND  OAVACE  ((1) 


Knhaueing  ratio 


SI  C, 

Testosterone 

0-25 

4 

17a-Methyltest()ter()ne 

1  .0 

0 .5 

17a-Kthyltestosterone 

02 

>100 

1 7a-EthynyItestosterone 

31 

40 

Androstane-3d,  17)i-I)iol 

0.03 

0.25 

173-Hydroxyandrostan-3-one 

0.2 

1.0 

Jdiutarji,  l!»il 
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TaBLK  10.  CoMI’AliATlN  K  KN  II A  .\<I  Mi  RATIOS  AS  A  KESII.T  OK  1  7a-M  ETII Y I.,  17a-ETIIYl., 
AM)  17«-ETIIYN  YI.  SI  BSTITI  TIOX  STL  DIED  BY  SKBIT  TAN  EOI  S 
INMECTIOX  (SI)  AXI)  (iAVAOE  ((  !  ) 


Steroid 

1  7o-iiu‘t  hyl 

17o-ethyl 

1 7«-(>thynyl 

SI  (1 

SI  C 

SI  (I 

'rcsiosteroiic 

7.H  Hi 

1  <  1 

1  1 

I'.t-Nortfstosterolie 

1  ■).(•)  •_>.') 

:ii  ai 

Ht-Xor-17d-Hydroxyan(lrostaii-a-on<‘ 

1 7d-llydroxyall(lrostall-l{-()llt■ 
JI^-.\Il<^rostl‘IU■-ad,  1 7d-l  Ool 

7.8 

0.2  2 
>  2  <  0.2') 

2 

1.0  1.0 

Ht-\oraiidrostaiu>-ad,  l~d-l  Ool 

>  1  0.1 

— 

>  4  2.0 

enliaiiciiifi;  ratios  were  as  hijih  as  Ki  foi‘  testosterone  in  favor  of  gavafte,  and 
the  smallest  advantage  was  found  for  androstane-R/i,  17d-diol,  which  was  as 
liidh  as  o. 

Ivssentially  similar  enhancinfr  ratios  for  both  the  subcutaneous  and  oral 
routes  were  found  for  all  the  ITa-alkyl  sulistituted  derivatives  of  19-nor- 
testosterone  and  for  17a-methyltestosterone  (Table  10).  These  compounds 
can  also  lie  characterized  by  the  hii»:h  individual  enhanciiii?  ratios  per  se. 
(’ontrariwise,  no  chanjte  could  lie  detected  for  the  17a-ethynyl  derivative  of 
lO-nor-hydioxyandrostan-.'1-one.  Values  of  unity  for  both  the  injection  and 
{>;ava,u:e  studies  were  recoided.  Strikina:  differences  between  the  oral  and 
injection  routes  were  fouml  in  a  number  of  instances,  with  usually  the 
hif^her  eidiancina:  ratio  found  for  the  injection  route.  Ten-fold  differences  in 
favor  of  the  injection  route  were  observed  for  the  17o:-methyl  derivatives  of 
the  followina;  steroids:  ]7|rf-hydroxyandrostan-d-one,  A"-androstene-8/i,17d- 
diol,  and  ll)-norandrostane-d/j.  17,d-diol.  A  similar  but  less  intense  effect  was 
recorded  for  l!)-norandiostane-Rd.l ”d-diol  and  its  17«-ethynyl  derivative. 

UEFEKEXCE 

1.  Doukmax,  It.  I.,  r.  .V.  Kincl  and  H.  .1.  Ringoi.d:  Endocrinoloyi),  (»S:17.  1901. 


XOX-IODIDK  RADIOACTIVITY  IX  ('OMMKRCMAL  SOLU- 
TIOXS  OF  SODIUM  RADIO-IODIDK  (F’M' 

C.  S.  AIIX  AM)  I.  X.  HOSFXBFKCJ 

li(t.Kirch  Lithonitori)  of  the  Fifth  and  Sij  th  HoMon  Cnin  rsitj/,  Mutu  al  St  rvirvs 
lioston  (’it.i)  lluapifal  and  Ik partnu  nt  of  Mcdicinv,  lio.ston  I  'niri  rfiHj/ 

School  of  Medicine,  lioKton,  Maioiachiun  ttx 

AHSTUACT 

Soiiu'  saniph's  of  commercially  available  solutions  of  sodium  radio-iodide 
(|i3i)  were  found  to  contain  radioactive  iodine  in  a  form  electroplioretically 
anil  chroinatoKraphically  different  from  iodide.  This  material  (designated 
“S”)  was  anionic,  was  not  affected  hy  reducinfj  a^ijents  in  neutral  or  alkaline 
solution  and  its  radioactivity  could  lie  converted  almost  comj)letely  to  iodide 
hy  Inciting  or  l>y  acidifyin>{  tlu‘  solution,  lirrors  in  the  estimation  of  thyroidal 
uptake  of  iodide  could  conceivahly  occur  under  certain  circumstances  if  tracer 
solutions  containing!;  ai)i)reciahle  “S”  were  used.  In  the  mori'  na-ently  available 
solutions  of  sodium  radio-iodide  ( I'""),  some  of  which  contained  cysteine  hydro- 
(diloride,  only  iodide-1'^'  has  Ixa'ii  detected. 

SI']VI]1{AL  recent  report.^  (l-^C)  have  directed  attention  to  the  occur¬ 
rence  of  radioactive  components  chromatoKrajthically  distiiifiuishahle 
from  iodide  in  some  preparations  of  sodium  iodide'-".  In  usinfj;  a  commercial 
solution  of  sodium  iodide""  as  a  standard  for  the  identification  of  labelled 
iodide  in  .serum  subjected  to  zone  electrophoresis  in  starch  blocks  it  was 
found  that  two  electroplioretically  distinct  zones  of  radioactivity  were 
identifiable,  only  one  of  which  corresponded  to  the  stable  carrier  iodide 
zone.  Further  study  by  paper  elect rojihoresis  revealed  the  pre.sence  of 
similar  non-iodide  radioactive  material  in  several  other  samples  of  com¬ 
mercially  available  radio-iodide  .solutions.  The  ease  with  which  the  separa¬ 
tion  of  the  iodide  and  the  non-iodide  radioactive  components  could  be 
achieved  by  zone  electrophoresis  facilitated  partial  characterization  of  the 
foreiRii  material,  comparison  of  the  chromatograiihic  and  electrophoretic 
behavior  of  the  anomalous  components  and  the  development  of  simple 
methods  for  their  transformation  into  iodide-I'-"". 

METHODS 

Klcotrophorcsis  on  Wluitman  3  .M.M  filter  paper  was  ilone  between  heavy  glass  plates 
by  th(‘  method  of  Kunkel  (4),  barbital  buffer,  i)H  S.fi,  ionic  strength  0.075  being  used. 
I'.leetrophoresis  was  done  for  3  hours  at  room  temperature,  at  a  potential  difference  of  5 
volts  per  em.  The  strips  were  then  dried  in  air  and  the  distribution  of  radioactivity  de- 

Heeeived  .June  2,  1900. 

*  This  investigation  was  supported  by  a  research  grant  (.\-2.5S5  (C’l))  from  the  Insti¬ 
tute  of  .\rthritis  and  Metabolic  Diseases,  Public  Health  Service. 
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ti'rniiiu'd  by  an  automatic  strip  scanniiif;  system  of  conventional  type,  the  proportion 
of  each  comixment  hcinn  determined  by  planimetry  of  the  recorded  patterns.  The  cerate- 
arsenious  acid  method  (5)  was  used  to  detect  stable  iodide  and  iodate  on  the  paper  when 
these  substances  had  been  addtal  to  tlu'  sami)les  undergoing  electrophoresis.  Starch 
block  elect rophon'sis  was  doin'  on  parallel  70  gm.  blocks  (0);  after  the  blocks  had  been 
scannt'd  segnu'iits  cut  from  tin*  center  of  the  zoiu's  of  radioactivity  were*  eluted  with  a 
small  (piantity  of  water,  filtered  and  tlu'  filtratt'  used  for  further  study.  Ascending  filter 
paper  chromatogra|)hy  was  done  using  butanol :ethanol :2X  ammonia  (5:1:2). 

Twenty  prejiarations  of  sodium  radio-iodide  wi're  ('xamined.  These  included  10 
samples  of  lodotope  Scpiibb  sodium  radio-iodidc'  (!'“')  oral  solution,  S  of  Oriodide  oral 
solution  sodium  radio-iodide  (I'’')  .Vbbott.  1  sample  of  lodotoiie  Scpiibb  for  injc'ction 
and  1  of  sodium  radio-iodide  sterile  solution.  .Vbbott.  .Vll  but  one'  of  the  .solutions  studied 
wc'ic'  obtained  between  December  2,  105!)  and  .Vpril  27,  10(10;  the  rc'inaining  sample'  was 
Scpiibb  lodotopc'  solution  c'xaminc'd  in  .lanuarv,  1!)50.  Idc'c'troiihorc'tic  study  of  the' 
sample's  was  pc-rformc'd  1  day  to  months  aftc'r  thc'ir  arrival  in  the'  laboratory,  but  gc'ii- 
c'rally  this  was  doin'  within  a  lew  days  affc'r  shiinnc'iit.  Stoc-k  solutions  wc'ic'  storc'd  at 
room  tc'iniic'iatiirc'  in  thc'ir  original  c'cmtainc'is.  .Most  of  the'  data  rc'lating  to  the'  c'har- 
ae-tc'iization  and  isolation  of  the'  radioac'tivc'  substance's  was  obtiiinc'd  using  Scpiibb 
lodotope'  imitc'iial. 


HESl'bTS 

.Most  of  tlio  proparalioiis  supplioel  by  liofli  S(|uil)l)  and  .Vbbott  obtaiiUMl 
liefore  .Mairli,  l!Mi()  sliowpel  on  oloclrojrliore.si.s  two  major  anodally-mifirat- 
inw  zones  of  radioactivity  in  varying;  proportions,  the  material  with  the 
greater  mobility  corresponding  in  itosition  to  iodide.  The  component  mi¬ 
grating  more  slowly  than  iodide,  designated  “S,”  had  a  mobility  approxi¬ 
mately  2  that  of  iodide.  .V  comparison  of  the  chromatographic  and  electro¬ 
phoretic  behavior  of  one  preparation  is  shown  in  Figure  1:  the  I’k  of  the 
“S”  zone  in  this  chromatographic  solvent  system  was  slightly  greater  than 
that  for  iodide.  .Vlt hough  the  electrophoretic  mobility  of  added  iodate  was 
only  slightly  different  from  that  of  the  “S”  material,  these  substances  were 
widely  .separated  on  chromatograms  (Fig.  1). 

In  eight  Sepiibb  preparations  studied  (one  .sample  of  January,  lllo!),  and 
seven  in  the  period  December  2,  1051)  to  March  25,  IDbO)  iodide-I''*'  ac¬ 
counted  for  11  to  <S()%  (average  50%)  of  the  total  radioactivity,  and  in  six 
.Vbbott  preparations  obtained  bet  ween  December?,  105!)  and  February  17, 
101)0,  the  iodide-P'^'  radioactivity  was  17  to  SS%  (average  55%)  of  the 
total.  By  contrast  in  all  5  Sepiibb  solutions  obtained  in  .Vpril,  lOOO,  the 
radioactivity  on  electrophoresis  was  j)re.sent  entirely  in  the  iodide  zone, 
and  5  .Vbbott  preparations  obtained  in  .March  and  April,  lOOO  contained 
only  iodide-I‘^‘. 

The  fraction  of  the  total  radioactivity  in  the  “S”  zone  in  those  samples 
which  contained  it  did  not  seem  to  be  related  to  the  age  of  the  solutions, 
since  some  solutions  examined  within  4S  hours  of  their  arrival  in  the  labo¬ 
ratory  contained  a  smaller  percentage  of  the  I''”  as  iodide  than  solutions 
studied  several  months  after  arrival,  nor  did  it  seem  related  to  the  initial 
concentration  of  radioactivity  (generally  1  to  5  millicuries  ml.).  In  some 
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Fk;.  1.  Scan  records  of  tlu“  distril)utioii  of  radioactive*  iodine  on  filter  paper  strips 
after  electrophoresis  (a)  and  ehronuitofiraphv  (h)  of  a  solution  of  Sepiihl)  lodotope  so¬ 
dium  radio-iodide  (f75\V21).  The  arrows  indicate  the  origin,  and  the  positions  of  stable 
iodide  and  of  iodati*  are  shown.  54^  of  the  total  radioactivity  was  in  the  ietdide  leosition. 
and  most  of  the  remainder  was  in  the  zone  miffratinn  more  slowly  than  iodide  on  eleetro- 
phori'sis,  anil  more  rapidly  on  ehromatoKraidiy. 

elect roplioretic  patterns  “S"  zone  radioaetivity  appeared  to  consist  of 
several  poorly  resolved  components  (e.g.  Fig.  2  a,  1),  c)  and  this  was  more 
apparent  on  radioautograplis  of  the  strips  than  on  the  scan  records:  this  is 
somewhat  like  the  midtiple  hands  other  than  iodide-I*'*'  pictured  in  the 
chromatograms  of  Doctor  and  Trunnell  (1).  It  is  po.ssihle  that  breakdown 
of  “S”  material  during  electrophoresis  could  account  for  some  of  the  asym¬ 
metry  of  this  zone.  A  2-dimensional  electrophoretic  pattern  of  a  Scpiibh 
lodotope  oral  preparation  is  shown  in  Figure  d;  the  “S”  and  iodide  hands  of 
radioactivity  displayed  the  same  respective  mobility  in  the  .second  direc¬ 
tion  as  in  the  first,  as  indicated  by  the  linear  arrangement  of  the  spots  and 
the  origin.  These  results  suggested  that  the  “S”  zone  wais  a  component  of 
distinctive  mobility  and  did  not  arise  as  a  result  of  iodide  adsorption  by  the 
paper.  “S”  material  isolated  from  .starch  block  electrophoresis  of  .several 
ra<lioiodide  preparations  and  subjected  to  further  electrophoresis  on  paper 
maintained  its  characteristic  slower  anodal  mobility  as  compared  with 
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Fk;.  3.  Hadioauto^rapli  (if  2-(liincnsional  (“h'ctropliorcsis  (l)arl)ital  buffer.  i)H  N.f)  in 
directions)  of  a  S(iuil)l)  lodotope  solution,  to  \vhi(di  Kl  carrier  liad  l)een  added. 
'I'lie  “S”  anil  iodide  zones  of  radioactivity  lie  in  a  liiu'  passiiiff  tlirou^li  the  orifjin,  indieat- 
iiiK  that  the  relative  mobilities  of  the  major  coin ponents  are  the  same  in  both  directions. 
The  elonKati'd  fainter  areas  forming  a  ri^ht  anulf  to  the  rinht  of  the  iodiih?  spot  and 
above  the  "S”  spot  could  re])resent  iodide-l'-'"  resultinn  from  “S”  dcfrradation  during  the 
first  and  second  migrations,  resix-etively.  The  spot  just  to  the  upix'r  left  of  “S”  appears 
to  be  a  distinct  component  of  mobility  somewhat  greater  than  "S”  (?  iodate). 

iodide.  I'lider  eertaiii  conditions,  as  described  below,  tlie  instability  of  “S” 
we  considerable  and  conversion  to  iodide  was  observed. 

Thousand-fold  atiueou.s  dilution  of  radioiodide  solutions  showing;  both 
“S”  and  iodide  radioactive  zones  produced  no  appreciable  change  in  pat¬ 
tern.  Addition  of  stable  iodide  to  solutions  produced  relatively  small 
changes  in  the  electrophoretic  pattern  of  radioactivity  unle.ss  enormous 
concentrations  were  achieved.  Thus,  simultaneous  electrophoresis  on  ‘.i 
parallel  starch  blocks  of  a  Squibb  lodotope  solution  a)  without  added 
carrier,  b)  containing  potassium  iodide  at  a  concentration  of  12.7  jug.  ml. 
and  c)  containing  potassium  iodide  at  a  concentration  of  1.27  milligrams 
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Fig.  4.  EfToct  of  jiH  and  r(‘ducin}>;  agents  on  iodidc-I'^'  content  of  a  S(niihl)  oral  lodo- 
toi)e  pri'paration.  Electrophoresis  scan  patterns  are  as  follows:  (a)  (’arrier-free  solution 
)H  S.t);  (h)  same  as  (a)  l)ut  inadeO.SX  in  XaOII  a  few  niinntes  before  electrophoresis,  (c) 
ame  as  (a)  hut  made  0.7X  in  HCl  for  5  minutes  and  neutralized  to  pH  7.5  with  XaOH 
)efore  electrophoresis;  (d)  same  as  (c)  hut  an  equal  volume  of  \%  Xa2S()3  was  added  to 
he  acidified  solution  i)repared  as  in  (c)  before  neutralization  with  XaOH;  (»0  same  as 
h),  hut  with  equal  volume  of  1^,  XajSOs  addl'd  before  Xat)H.  The  jiercentage  of  the 
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per  ml.,  revealed  that  of  the  total  radioactivity  iu  a,  1)  and  c,  respectively, 
7d,  ()7  and  ')")%  was  in  the  “S”  zone.  It  thus  appeared  that  the  occurrence 
of  “S”  zone  radioactivity  could  not  he  dismissed  as  a  tracer  artefact,  nor 
could  it  he  explained  on  the  basis  of  an  electro-chemical  change  in  iodide 
resulting  from  the  electrophoretic  procedure. 

It  was  considered  extremely  unlikely  that  the  non-iodide  radioactivity 
represented  either  another  radioactive  isotope  of  iodine  or  a  different  radio¬ 
active  element,  since  a)  the  rate  of  radioactive  decay  of  tlie  commercial 
preparations  tested  conformed  to  the  S-day  half  life  of  I’’**  and  h)  radio¬ 
active  “S”  component  could  he  converted  to  material  exhihiting  the  elec¬ 
trophoretic  and  chromatof?iaphic  properties  of  iodide. 

A’/hr/  of  pH.  The  pH  of  the  orifjinal  solutions  of  radioiodide  lay  between 
I  and  S.  lllectrophoretic  patterns  in  barbital  (pH  S.b)  and  phosphate  (pH 
7.4  and  (i.S)  buffers  were  identical,  indicating  that  the  nature  of  the  buffer 
anion  was  probably  not  a  factor  deteiinining  the  presence  of  the  2  radio¬ 
active  zones.  In  citrate  buffer,  pH  .4.7,  however,  the  electrophoretic  pattern 
of  radio-iodide  solutions  showing  2  zones  at  pH  S.O  and  of  isolated  “S”  ma¬ 
terial  showed  predominantly  a  single  band,  corresponding  to  iodide.  Re¬ 
covery  measurements  showed  that  the  effect  of  acid  on  increasing  the  pro¬ 
portion  of  radioactivity  as  iodide  was  attributal)le  to  a  shift  of  radioactivity 
from  the  “S”  to  the  iodide  zone,  rather  than  to  a  lo.ss  of  radioactivity  from 
the  .system. 

Radio-iodide  preparations  acidified  witli  mineral  acids  (HCl  or  H2SO4)  to 
pH  1-4  for  a  period  of  .0 -20  minutes  and  then  neutralized  with  XaOH 
showed  a  great  increase  in  the  proportion  of  the  total  radioactivity  in  the 
iodide  zone  of  the  electrophoretic  pattern,  90-100%  of  the  radioactivity  be¬ 
having  as  iodide  (Fig.  4  c,  d.  Fig.  ii  e),  with  no  loss  of  radioactivity  from  the 
solution.  The  change  induced  l)y  lowering  tlie  pH  occurred  rapidly  and  it 
also  appeared  to  be  irreversible,  since  the  radioactivity  in  the  iodide  zone  of 
solutions  neutralized  after  acidification  did  not  .seem  to  decrease  even  with 
prolonged  standing. 

The  acid  lability  of  the  non-iodide  radioactive  material  in  Squibb  lodo- 
tope  has  been  commented  upon  by  Taurog  (4),  and  Doctor  and  Trunnell 
(1)  found  less  extraneous  material  when  using  acid  chromatographic  sol¬ 
vent  .systems  than  with  basic  solvents. 

A’//'cc/  (f  tempemture.  At  room  temperature  carrier-free  solutions  of 
radioiodide  retained  for  many  days  their  bizonal  electrophoretic  character- 


total  1'^'  ill  tlie  iodide  zone  was:  (a)  2i\%.  (h)  27%,  (e)  88%,  (d)  100%,  (e)  25%.  The 
eoMversion  of  “S”  radioaetivity  to  iodide-I*^'  by  acidification  (c)  and  e.specially  by 
acidification  plus  a  reilucinn  aj^ent  (d)  is  in  contrast  to  the  lack  of  effect  of  strong  alkali 
(b)  and  of  reducing  agents  in  neutral  solution  (e).  .Vlthough  the  leading  zone  in  (c)  and 
(d)  migrated  a  shorter  distance  then  the  iodide  zone  in  other  patterns,  this  zone  cor¬ 
responded  in  position  to  added  carrier  iodide. 
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Fig.  5.  KfTcct  of  pll  and  heat  on  radioactive  “S”  material.  “H”  material  eluted  from 
-tarcdi  l)loek  eleetrojihoresis  of  a  eommereial  NaP'”  solution.  Electrophoresis  scan  jiat- 
u-rns;  2  experiments,  (a)  and  (e)  were  done  simultaneously,  and  (b),  (e)  and  (d)  wen' 
lone  together  but  at  anotlier  time,  (a)  “S”  material,  with  added  KI  to  a  eoneentration  of 
100  /xg.  i)er  ml.  (b)  “S”  carrier-free,  heated  5  minutes  in  boiling  water;  (e)  same  as  (b)  but 
vith  KIO3  added  before  heating,  (d)  same  as  (b)  but  with  Kl  added  (final  eoneentration 
100  /xg./ml.)  before  heating,  (e)  same  as  (a)  but  allowed  to  stand  at  room  temperature 
vith  eipial  volume  IN  HCl  before  neutralization  and  eleetroidioresis.  The  proportion  of 
he  total  P^'  as  iodide  was:  (a)  none,  (b)  \  (e)  12%,  (d)  42%,  (e)  >0.5%. 
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istic  witli  relatively  minor  (juantitative  elian{;es.  However,  lieatiiifj;  the 
radioiodide  preparations  or  isolated  “S”  material  had  appreeiahle  effeets  on 
the  patterns,  tendinj?  to  deerease  the  (piantity  of  radioaetivity  in  the  “S” 
zone  and  eommensurately  to  inerease  the  iodide  zone  activity.  Ileatinfj 
neutral  acpieous  solutions  in  the  hoilinf?  water  hath  for  ">  to  10  minutes  pro¬ 
duced  a  perceptible  chaufie  in  composition,  while  autoclavin}>:  (11.)  Ih.  s(|. 
in.  for  dO  minutes)  almost  completely  converted  “S”  radioactivity  to  iodide 
(Fif?.  2). 

.Vlthou{?h  the  presence  of  stable  iodide  had  little  effect  on  patterns  at 
room  temperature,  it  greatly  accelerated  the  conversion  of  “S”  to  iodide 
produced  by  heating  (Fig.  o  b,  c).  Commercial  oral  solutions  that  were 
autoclaved  and  then  contained  predominantly  iodide-F'”  seemed  fairly 
stable,  and  even  after  some  days  at  room  temperature  contained  approxi¬ 
mately  1K)%  of  the  total  radioactivity  as  iodide. 

The  effect  of  heat  and  lowering  })II  were  to  some  degree  additive:  heat¬ 
ing  a  solution  at  pH  d.b  for  10  minutes  in  the  boiling  water  bath  resulted  in 
considerably  more  conversion  of  “S”  radioactivity  to  iodide  than  when  the 
pH  was  S.O. 

Ejf'erf  of  reduriny  oyents.  The  addition  of  sodium  sulfite  or  bisulfite  to  a 
final  concentration  of  1%  did  not  modify  the  electrophoretic  pattern  of 
iodide-I'"’*  solutions  rich  in  “S”  zone  radioactivity,  while  sodium  hydiosul- 
fite  was  effective  in  converting  most  of  the  ra<lioactivity  to  iodide.  Since 
the  pH  of  the  sodium  hydrosulfite  solution  was  approximately  R,  the  con¬ 
version  of  “S”  to  iodide-I'’’*  might  have  been  due  to  the  acid-instability  of 
“S.”  There  was  some  suggestion  in  several  experiments  that  at  pH  approxi¬ 
mately  :i  the  addition  of  sulfite  produced  a  more  complete  conversion  of 
“S”  zone  radioactivity  to  iodide-I*'”  than  occurred  with  acidification  alone 
(Fig.  4  c,  d),  but  at  pH  below  1  conversion  by  acid  alone  seemed  complete. 
The  effect  of  cysteine  was  .studied,  since  Doctor  and  Trunnell  (1)  had  found 
that  a  high  concentration  of  cy.steine  eliminated  extraneous  material 
from  commercial  solutions  of  radioiodide.  Their  observation  was  confirmed, 
the  addition  of  cysteine  hydrochloride  (final  concentration  0.2-0. 5%)  to 
preparations  containing  '“S”  radioactivity  resulting  in  material  showing, 
on  electrophoresis,  a  radioactive  band  only  in  the  iodide  po.sition.  It 
should  be  pointed  out,  however,  that  the  pH  of  a  0.2%  .solution  of  cysteine 
hydrochloride  is  2.2,  and  if  the  cysteine  hydrochloride  .solution  was  neu¬ 
tralized  (XaOH)  to  pH  0  a  few  minutes  before  adding  it  to  the  I''**  prepara¬ 
tion  the  resulting  mixture  was  not  effective  in  the  conversion  of  “S”  to 
iodide,  and  therefore,  it  is  possible  that  the  effect ivene.ss  of  cy.steine  in 
achieving  electrophoretic  and  chromatographic  purity  in  iodide-I'^'  .solu¬ 
tions  may  be  a  consequence  not  oidy  of  its  reflucing  action  but  also  its 
acidity. 2 

*  .Mthough  cysteine  in  neutral  .solution  is  readily  oxidizcsl  in  air  it  seems  unlikely  that 
oxidation  was  complete  before  the  freshly  neutralized  cysteine  solution  was  added  to 
the  T'”  |)reparation. 
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Other  properties  of  “S.”  The  anionic  character  of  the  “S”  component 
sugse'^ted  hy  electrophoretic  anodal  movement  was  confirmed  by  its  com¬ 
plete  removal  from  acpieous  solution  hy  anion-exchange  resin  (Amher- 
lite  IHA-40()).  The  radioactivity  was  soluble  in  trichloroacetic  acid, 
was  not  extractable  from  acpieous  solution  by  chloroform,  nor  did  the  addi¬ 
tion  of  stable  iodide  and  acidification  result  in  chloroform  solubility  (indi¬ 
cating  that  the  “S”  material  was  not  predominantly  iodate).  Radioactivity 
of  solutions  containing  both  “S”  and  iodide-P'*'  was  rendered  chloroform 
soluble  on  acidification  and  addition  of  iodate,  to  the  same  extent  as  elec- 
trophoretically  pure  iodide-l*'^'  treated  in  the  same  way;  it  is  likely,  how¬ 
ever,  that  the  low  pll  recpiired  for  the  formation  of  iodine  from  iodide  and 
iodate  may  have  led  to  the  conversion  of  ail  the  to  iodide. 

The  Abbott  and  Scpiibb  radioactive  iodide  preparations  contained 
benzyl  alcohol  (0.1)^^)  and  a  reducing  agent.  To  explore  the  possibility 
that  “S”  material  might  be  the  result  of  some  reaction  between  iodide  and 
the  alcohol  or  sulfite,  to  solutions  of  electrophoretically  pure  iodide-I'®‘ 
eluted  from  a  starch  block  were  added  benzyl  alcohol  (final  concentration 
’i%),  sodium  sulfite  (1%)  or  both,  and  the  solutions  were  kept  at  room 
temperature  for  several  days:  in  no  case  did  “S”  zone  radioactivity  ap¬ 
pear. 

DISCUSSION' 

The  presence  of  a  substantial  fraction  of  the  total  radioactive  iodine 
in  some  commercial  solutions  of  sodium  radio-iodide  (1'^')  in  a  form  other 
than  inorganic  iodide  is  in  agreement  with  the  reports  of  radioactive  im¬ 
purities  detected  by  chromatographic  methods  (1-R).  The  nature  of  the 
foreign  material  is  unknown,  but  its  striking  characteristics  are:  1)  anionic 
character,  2)  convertibility  of  its  labelled  iodine  to  iodide-P**  by  heat  or 
acidification,  and  R)  non-reducibility  in  neutral  or  alkaline  solutions.  The 
effect  of  increased  concentration  of  stable  iodide  on  facilitating  the  “S”  to 
iodide-P**  conversion  induced  by  heat  or  acidification  suggested  the  possi¬ 
bility  of  an  exchange  of  stable  iodide  with  “S”  P^'  that  occurred  very  slowly 
at  room  temperature  or  in  neutral  or  alkaline  solution.  Application  of  the 
cerate-arsenious  acid  reaction  to  paper  electrophoretograms  of  solutions 
which  had  been  heated  with  stable  iodide  so  that  all  the  radioactivity  was 
in  the  iodide  band  failed  to  reveal  the  presence  of  iodine  in  areas  other  than 
the  iodide  zone,  and  in  particular  not  in  the  “S”  zone  position;  this  sug¬ 
gested  that  if  an  exchange  reaction  of  inorganic  P-‘  with  S-P®‘  did  occur, 
the  “S”  component  must  have  been  present  in  very  low  concentration. 

These  properties  provide  possible  explanations  from  some  of  the  ob.serva- 
tions  that  have  been  made  with  respect  to  these  solutions  of  radio-iodide 
The  effect  of  cy.steine  hydrochloride  in  eliminating  radioactive  bands  other 
than  iodide  may  be  at  least  in  part  related  to  the  acidity  of  such  solutions, 
since  a  similar  result  could  be  attained  by  acidifying  the  P^'  solution  with 
mineral  acids  particularly  if  an  inorganic  reducing  agent  was  present. 
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Doctor’s  (2)  ol)servation  tliat  the  administration  of  stable  iodide  increased 
tlie  thyroidal  uptake  of  radioactive  iodine  in  cliicks  injected  with  ob¬ 
tained  from  the  non-iodide  portion  of  filter  paper  chromatograms  of  aged 
commercial  solutions  of  sodium  radioiodide  might  be  explained  on  the 
basis  of  an  exchange  between  stable  iodide  and  the  radioactive  iodine. 

The  smaller  thyroidal  uptake  of  radioactive  iodine  in  rats  given  S(iuibb 
oral  solution  of  sodium  radio-iodide  (!**')  (‘^)  and  in  chicks  given  extrane¬ 
ous  material  separated  from  commercial  Xal‘®'  preparations  (2)  as  com¬ 
pared  with  animals  given  pure  Xal*'*',  suggests  the  possibility  of  error  in 
using  the  commercial  impure  iodide  solutions  as  a  tracer  for  iodide  in  bio¬ 
logical  and  chemical  work.  One  might  expect  that  in  man  the  low  pH  of  the 
gastric  contents  might  result  in  some  conversion  of  “S”  radioactivity  to 
iodide-I‘*'  if  “S”  containing  preparation  of  I'-'”  were  taken  orally,  while  in 
human  studies  in  which  I'-*'  was  given  parenterally  solutions  sterilized  by 
autoclaving  (and  therefore  containing  little  “S”  material)  would  almost 
certaitdy  be  used:  for  these  reasons  one  might  expect  that  glandular  uptake 
of  orally  or  parenterally  administered  tracer  D'**  in  man  might  be  little  in¬ 
fluenced  by  the  presence  of  impurities  of  the  “S”  type  in  .some  commercial 
I'*'  preparations.  However,  gastric  achlorhydria  or  neutralization  of  gas¬ 
tric  acidity  by  food  and  other  agents  could  conceivably  make  the  conver¬ 
sion  of  “S”  to  iodide  incomplete.  We  have  recently  ob.served  ca.ses  of 
hyperthyroidism  in  all  of  which  the  values  of  24-hour  glandular  uptake  of 
orally  administered  radioiodine,  using  a  commercial  preparation  containing 
appreciable  “S”  material  were  normal  or  borderline  normal  (31,  do  and 
o7%).  When  the  uptake  studies  in  these  cases  were  repeated  a  few  days 
later  u.sing  autoclaved  .samples  of  the  tracer  solutions,  the  uptakes  were  (5.^, 
71  and  S3%  of  the  administered  dose  respectively.  These  results  suggest  the 
po.s.sibility  that  the  oral  u.se  of  !'•”  preparations  containing  non-iodide  im¬ 
purities  may  result  in  lower  glandular  uptakes  of  radioactivity.  One  might 
anticipate  that  .such  erroneously  low  values  for  glandular  uptake  would  be 
encountered  more  fre(juently  in  cases  of  hyperthyroidism  since  gastric 
hypoacidity  or  anacidity  has  been  observed  in  approximately  one-third  of 
such  cases  (7). 

Moth  Abbott  and  Scpiibb  oral  sodium  radioiodide  solutions  obtained  in 
April  and  May,  IDbO  contained,  according  to  the  label,  0.2%  cysteine  hy¬ 
drochloride.  Electrophoresis  and  chromatography  of  the.se  preparations  has 
revealed  only  a  single  zone  of  radioactivity,  corresponding  to  iodide.  The 
chromatographic  and  electrophoretic  “purity”  thus  achieved  may  also  be 
attained  by  adding  acid,  a  small  quantity  of  .sulfite  and  then  neutralizing,  or 
by  autoclaving  the  solutions.  The  sulfite  or  bisulfite  addition  would  seem 
warranted  in  addition  to  acidification  .since  more  complete  conversion  of 
non-iodide  radioactivity  to  iodide  was  observed  under  these  circumstances 
and  also  becau.se  it  would  hinder  the  oxidative  changes  iodide  is  known  to 
undergo  in  neutral  or  alkaline  solution  (S). 
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ABSTRACT 

'I'lie  curnMit  investigation  studies  tlie  effeet  of  a  single  injeetion  of  androgen 
in  tlic  prei)ul)ertal  female  rat  on  subseciinmt  development  of  the  endoerine 
system.  A  single  suheutaneous  injeetion  of  1.25  mg.  of  testostcTone  i)ropionate 
was  administenal  to  2,  5,  10  or  20  day  old  female  rats.  The  aiumals  were  allowed 
to  matUH'  to  100  ilays  of  age  and  then  were  either  autoi)si(>d  or  tested  for  fer¬ 
tility.  At  autoi)sy,  adnmal  and  pituitary  weights  were  signifieantly  larger  than 
littermate  eontrols  in  rats  treatcal  at  2  or  5  days  of  age.  Xo  differenee  in 
adrenal,  i)ituitary  or  uterine  weight  was  observed  in  rats  treated  at  10  or  20  days 
of  age.  Ovarian  and  uterine  weights  were  markedly  smaller  in  animals  injeeted 
at  2  or  5  days  of  age,  but  not  in  animals  treated  at  20  days  of  age.  The  10  day 
inj<*eted  grouj)  assumed  an  inttTinediate  position.  Corpora  lutea  were  absent 
from  the  ovaries  of  the  2  and  5  day  injeeted  groups  and  from  4  of  10  rats 
treated  at  10  days  of  age  when  autoi)sied  at  100  days  of  age.  Breeding  studies 
revealed  that  admiiustration  of  androgen  at  2  or  5  days  of  age  indueed  perma¬ 
nent  sterility  in  all  animals  ami  in  4  of  10  rats  treatc'd  at  10  days  of  age.  .Vll  ani¬ 
mals  inj(*eted  at  20  days  of  age  bore  normal  littt'rs.  It  is  suggt'sted  from  these  ex¬ 
periments  that  an  androgen-sensitive  period  exists  between  birth  and  the  tenth 
day  of  ag(‘. 

IT  IS  well  recognized  that  prepubertal  treatment  of  female  rats  with 
androgen  results  in  sul).se(pient  infertility  (1,2,  3,  4).  However,  such  in¬ 
vestigations  invarial)ly  have  employed  either  testicular  implants  or  mul¬ 
tiple  injections  of  androgen  given  over  prolonged  periods  of  time.  Tliis 
type  of  experimentation  makes  it  difficult  to  ascertain  if  an  age  of  androgen 
.sensitivity  exi.sts  during  the  early  postnatal  developmental  period  compa¬ 
rable  to  that  observed  in  the  female  mouse,  in  which  single  injections  of 
testosterone  propionate  to  o  day  old  animals  resulted  in  permanent  .steril¬ 
ity.  In  contrast,  fertility  was  not  influenced  in  mice  receiving  androgen  at 
20  days  of  age,  whereas  mice  treated  at  10  days  of  age  assumed  an  inter¬ 
mediate  position  (o).  The  current  study  was  designed  to  evaluate  the  effect 
of  a  single  injection  of  androgen  at  a  definite  time  in  development,  and  the 
effect  and  duration  of  effect  on  the  developing  gonad  of  the  rat.  This  inve.sti- 
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gation  also  permits  a  comparison  of  the  ages  of  androgen  sensitivity  in  the 
rat  and  mouse,  2  species  which  ovulate  spontaneously.  Portions  of  this 
stud}'  have  been  reported  previously  in  abstract  form  (b). 

MATERIALS  AM)  METHODS 

Tlie  Spragu(‘-I)a\vley  rats  used  in  these  experiments  were  raised  in  our  laboratory  in 
a  teinp(*rature-eontrolled,  artificially  illuminated  room.  .\  diet  of  Purina  rat  pellets  sup- 
j)lemented  by  a  mixture  of  cod  liver  oil  and  Mazola  oil  on  bread  once  a  week  was  fed 
the  animals  through  the  period  of  experimentation. 

Intact  female  rats  of  2,  o,  10  or  20  days  of  age  were  given  a  single  subcutaneous  injec¬ 
tion  of  1.25  mg.  of  testosterone  propionate  in  oil.  The  single  injection  p«'rmitted  a  mini¬ 
mum  of  disturbance  to  the  nursing  animals  which  were  kept  with  their  mothers  until 
weaning.  The  rats  selected  were  of  such  a  number  as  to  provide  an  ai)i)roximate  ecpial 
distribution  of  littermates  between  eontrol  and  injected  groups.  .Vll  rats  were  either 
autopsied  or  tested  for  fertility  at  100  days  of  age. 

Body  weights  were  recorded  only  at  the  time  of  autopsy.  The  rats  w(‘re  sacrificed  with 
ether  and  the  organs  wen*  dissected  umh'r  a  binocular  microscojK'.  Fresh  weights  of 
ovary,  uterus,  adrenal  and  i)ituitary  were  obtained  on  a  chainomatic  balanct'  immediately 
following  dissection  and  a  comparison  of  such  weights  was  made*  between  the  control 
and  injected  littermates.  Both  ovaries  and  a  segment  of  uterus  of  each  animal  were 
placed  in  Bonin’s  fixative  for  24  hours.  Individual  tissues  for  each  animal  in  the  control 
and  experimental  groups  were  sectioned  in  paraffin  and  stained  with  hematoxylin  and 
eosin. 

Fertility  studies  were  begun  at  100  days  of  age  by  placing  littermat(‘  control  and 
treated  rats  from  one  litter  with  a  male.  The  time  l)etween  admitting  the  mah'  and  lit¬ 
tering  was  recorded  as  well  as  the  litter  size,  sex  distribution,  and  number  and  weight 
of  the  young  carried  to  weaning  at  22  days  of  age. 

Litters  were  reduced  to  8  animals  at  5  days  of  age  to  permit  more  uniform  growth. 

RESULTS 

The  effects  of  administration  of  1.2o  mg;,  of  testosterone  propionate  at 
2,  5,  10  and  20  days  of  age  on  body  and  organ  weights  are  shown  in  Tal)le 
1.  Autopsy  at  100  days  of  age  revealed  an  increased  body  weight  in  ani¬ 
mals  injected  at  2  or  .5  days  of  age  as  compared  with  body  weights  of  the 
littermate  controls.  In  contrast,  no  change  in  body  weight  was  observed 
at  autop.sy  between  rats  treated  at  10  and  20  days  of  age  and  their  litter¬ 
mate  controls.  Adrenal  and  pituitary  weights  were  significantly  larger 
( P  >  .Oo),  even  when  expressed  as  mg.  100  gm.  body  weight,  in  rats  treated 
at  2  and  o  days  of  age,  but  if  treatment  was  delayed  until  10  or  20  days 
of  age  such  alterations  in  organ  weight  were  not  observed.  Ovarian  weights 
in  rats  injected  with  androgen  at  2,  .5,  or  10  days  of  age  were  found  to  be 
approximately  one-half  that  of  the  littermate  controls,  whereas  ovarian 
weights  of  animals  treated  at  20  days  of  age  did  not  differ  from  the  con¬ 
trol  weights.  Similarly,  uterine  weights  were  significantly  smaller  than 
normal  in  rats  treated  at  2  or  5  days  and  autopsied  at  100  days  of  age. 
The  uteri  of  animals  treated  at  10  or  20  days  of  age  were  comparable  to 
their  littermate  controls  at  autopsy. 


Table  1.  AvEKAiiE  acti  al  and  relative  oklan  weights  ok  IOO-day-gld  rats  following 
A  SINGLE  INJECTION  OF  TESTOSTERONE  I'ROIMONATE  AT  2,  5,  10  AND  20  DAYS  OF  AGE 


t  Nmiilx-rs  in  purcntiwsis  represent  averase  aetual  oriian  weiiilita  ±  standard  error. 


Ovarian  and  Uterine  Uislalogif:  The  normal  ovary  at  100  days  of  age 
contained  several  generations  of  corpora  lutea  as  well  as  follicles  in  various 
stages  of  development  (Fig.  1).  In  contrast,  corpora  lutea  were  absent  from 
the  ovaries  of  rats  treated  with  androgen  at  2  or  5  days  of  age,  although 
numerous  large  vesicular  follicles  were  present  and  interstitial  tissue  hyper- 
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Fig.  1.  Normal  ovary  X17. 

Fig.  2.  Ovary  of  rat  treated  with  1.2.5  mg.  of  testosterone  propionate  at  o  days  of  age 
and  autopsied  at  100  days  of  age;  X20. 
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O.N  RKI’RODlfTIVK  I’ERKORMANTE  OF  I’REITBERTAl.  RATS 
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tropliy  was  evident  (Fig.  2).  Androgen  administration  at  10  days  of  age 
had  a  less  drastic  effect  on  ovarian  structure,  witli  only  4  of  10  animals 
failing  to  show  corpora  lutea  at  100  days  of  age.  All  ovaries  of  rats  treated 
at  20  days  of  age  were  normal  at  autopsy.  The  uteri  of  rats  treated  with 
androgen  at  2  or  o  days  of  age  failed  to  exhibit  the  changes  in  endometrial 
histology  normally  a.s.sociated  with  the  cyclic  fluctuations  in  ovarian  estro¬ 
gen  secretion.  The  endometrial  .stroma  was  compact  and  nonedematous 
and  it  contained  few  glands,  whereas  the  epithelium  was  hypertrophied 
and  composed  of  tall  columnar  cells.  The  myometrium  was  comparable  in 
appearance  to  that  of  the  normal  uterus.  A  similar  uterine  structure  was 
ob.served  in  the  4  animals  which  failed  to  form  corpora  lutea  following 
injection  at  10  days  of  age.  However,  no  difference  in  uterine  structure 
was  discernible  in  the  remainder  of  this  latter  group  (10  day  injected  ani¬ 
mals)  nor  in  any  of  the  rats  treated  at  20  days  of  age. 

Breeding  Experiments:  Fertility  was  tested  in  both  littermate  control  and 
androgen-treated  rats  at  100  days  of  age.  All  untreated  control  animals 
delivered  litters  within  22-48  days  after  being  placed  with  the  male.  In 
contrast,  single  injections  of  testosterone  propionate  to  rats  at  2  or  5  days 
of  age  resulted  in  subsequent  infertility.  Although  these  animals  were  kept 
with  proven  males  for  100  days,  no  pregnancies  were  ob.served.  A  less 
damaging  effect  on  fertility  occurred  if  androgen-treatment  was  delayed 
until  10  days  of  age,  as  only  4  of  10  rats  failed  to  produce  litters. 

Tho.se  rats  which  were  fertile  delivered  their  litters  at  approximately  the 
same  time  as  their  littermate  controls,  had  approximately  the  same  number 
of  pups  per  litter,  and  exhibited  good  lactation  as  evidenced  by  litter 
weight  at  weaning.  Testosterone  propionate  injections  at  20  days  of  age 
failed  to  diminish  fertility  (Table  2). 

DISCUSSION' 

It  is  apparent  from  these  studies  that  a  period  of  .steroid  sensitivity 
exists  in  the  female  rat  between  birth  and  the  tenth  day  of  age,  during 
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which  administration  of  androgen  will  result  in  subsequent  infertility. 
These  results  demonstrate  that  the  androgen-sensitive  age  period  in  the 
rat  is  similar  to  that  shown  previously  for  the  mouse.  It  was  originally 
proposed  by  Pfeiffer  (1)  that  the  mechanism  by  which  androgen  induced 
sterility,  when  administered  to  the  prepubertal  rat,  was  by  “masculiniza- 
tion”  of  the  pituitary  .so  that  a  permanent  imbalance  in  gonadotropin 
secretion  resulted.  Pfeiffer  suggested  from  his  experiments  that  the  pitui¬ 
tary  of  the  newborn  rat  was  undifferentiated.  If  it  differentiated  in  the 
presence  of  androgen  only  follicle  stimulating  hormone  was  elaborated, 
whereas  differentiation  in  the  presence  of  estrogen  resulted  in  the  subse¬ 
quent  elaboration  of  both  follicle  stimulating  (FSII)  and  luteinizing  hor¬ 
mone  (LII).  Since  the  time  of  these  early  experiments  it  has  become 
apparent  that  the  pituitary  of  the  androgen  sterilized  rat  elaborates  both 
gonadotropins.  Not  only  are  vesicular  follicles  present  in  the  sterile  rat 
ovary,  but  estrogen  is  secreted  as  evidenced  by  the  persistence  of  a  corni- 
fied  vaginal  mucosa.  Furthermore,  it  is  the  constant  estrogen  secretion 
which  not  only  produces  the  persistent  vaginal  cornification  in  rats  of  the 
current  study,  but  also  could  explain  the  resultant  hypertrophy  of  the 
adrenal  and  pituitary  glands.  Thus  the  particular  malfunction  in  adeno- 
hypophyseal  gonadotropin  secretion  is  not  the  inability  of  this  gland  to 
.secrete  luteinizing  hormone  but  rather  the  absence  of  the  ovulatory  dis¬ 
charge  of  luteinizing  hormone.  This  suggests  another  po.s.sible  explanation 
for  the  mechanism  by  which  androgen  acts  to  induce  sterility.  The  hypo¬ 
thalamus  has  been  shown  to  e.xert  a  controlling  influence  over  the  ovula¬ 
tory  di.scharge  of  luteinizing  hormone.  It  may  be  that  androgen  adminis¬ 
tration  during  infancy  alters  hypothalamic-hypophyseal  interrelationships 
by  rendering  the  hypothalamic  areas  responsible  for  the  ovulatory  dis¬ 
charge  of  gonadotropin  refractory  to  intrin.sic  activation.  As  such,  the 
proper  impetus  for  the  ovulatory  release  of  gonadotropin  is  not  supplied 
to  the  adenohypophy.sis  and  sterility  ensues.  A  further  connotation  of  this 
hypothe.sis  would  be  that  it  is  not  the  pituitary  which  is  undifferentiated 
at  birth,  l)ut  rather  the  regions  of  the  hypothalamus  controlling  gonado¬ 
tropin  .secretion.  In  a  .subsequent  series  of  experiments  we  have  shown 
that  the  adenohypophy.sis  of  the  sterile  rat  will  respond  to  extrin.sic  hypo¬ 
thalamic  activation  bv  the  discharge  of  gonadotropin  to  induce  ovulation 

(7). 

The  difference  in  body  weights  at  autop.sy  between  the  littermate  con¬ 
trols  and  the  experimental  animals  of  the  2  and  o  day  injected  groups 
might  be  attributed  to  a  difference  in  metabolism  between  the  sterile, 
per.si.stent  estrous  rat,  and  the  normal  rat.  Furthermore,  although  the 
protein  anabolic  action  of  androgens  is  well  recognized,  this  in  it.self  would 
not  seem  to  account  for  the  body  weight  differences,  since  animals  injected 
at  10  or  20  days  of  age  were  within  the  weight  range  of  their  littermate 
controls  at  autopsy.  Ovarian  weight  differences  may  be  explained  by  the 
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al)sence  of  luteal  tissue  in  the  ovaries  of  animals  treated  at  2  or  5  days  of 
age,  and  4  of  10  animals  injected  at  10  days  of  age. 
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EVIDENCE  THAT  THE  HYPOTHALAMUS  IS  RESPONSIBLE 
FOR  ANDROGEN-INDUC’ED  STERILITY 
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and  Research  Division,  Veterans  Administration  Hospital,  Sepulveda,  California 

ABSTRACT 

Tlie  (lata  presenttal  in  the  current  study  suggest  that  the  sterilit3’  which 
ensues  from  androgen  treatment  of  prepubertal  female  rats  is  not  the  result  of 
malfunction  of  the  adenohj-pophysis.  Rather,  the  pituitaries  of  such  animals 
will  respond  to  electrical  stimulation  of  the  h,vpothalamus  b\'  discharging  suffi¬ 
cient  gonadotropin  to  cause  ovulation.  It  is  furtluT  suggested  from  these  experi¬ 
ments  that  there  arc'  two  regions  within  the  livpothalamus  which  control 
adenohypojjhvseal  gonadotropin  secretion:  (a)  a  region  responsible  for  activat¬ 
ing  the  cvclic  discharge  of  ovulating  hormone:  the  anterior  preo|)tic  (supra- 
chiasmatic)  area  of  the*  hvijothalamus,  and  (b)  a  region  independentlv  re¬ 
sponsible  for  the  tonic  di.scharge  of  luteinizing  hormone  in  a  sufficient  quantit.v 
to  cause  (‘strogen  sc'cretion  but  not  ovulation:  the  arcuat('-ventromedial 
nuclei  com|)lex  of  the  nu'dian  eminence.  Kvidence  is  presented  which  sugg(‘sts 
that  prepubertal  androgen  treatment  deleteriouslv  alters  the  function  of  the 
“ovulation  controlling”  preoptic  region  of  the  hvpothalanuis. 

INTRODUtTION  ‘ 

PHI’ATOUS  stiulie.s  have  denion.st rated  a  period  of  .steroid  sen.sitivity 
in  the  female  rat  between  birth  and  tlie  tentii  day  of  age  during  which 
a  .single  injection  of  androgen  will  re.sult  in  permanent  infertility  (1).  It 
wa.s  originally  proposed  by  Pfeiffer  that  .such  .sterility  was  the  con.sequence 
of  a  deleterious  effect  of  androgen  on  the  adenohypophysis,  resulting  in  a 
gland  that  secretetl  oidy  follicle  stimulating  hormone  (2).  Since  the  time 
of  the.se  early  ob.servations  it  has  become  apparent  that  the  pituitary  of 
the  androgen-sterilized  rat  elaborates  both  follicle  stimulating  and  lutein¬ 
izing  hormone.  Not  only  are  vesicular  follicles  pre.sent  in  the  .sterile  rat 
ovary  but  estrogen  is  .secreted  as  evidenced  by  the  persi.stence  of  a  corni- 
fied  vaginal  mucosa,  cystic  enlargement  of  the  uterine  endometrial  glands 
and  hypertrophy  of  the  ovarian  interstitial  ti.ssue  (1,  3).  Seemingly,  the 
particular  adenohypophy.seal  malfunction  is  a  failure  to  release  sufficient 
gonadotropin  to  cause  ovulation,  a  phenomenon  generally  held  to  be 
regulated  by  the  hypothalamus.  This  suggests  either  that  the  pituitary  of 
the  androgen-sterilized  rat  i.s  refractory  to  hypothalamic  activation  or, 
more  likely,  that  the  malfunction  in  the  ovulatory  mechanism  is  iidierent 
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witliiii  (lie  hyiK)tlialainus  itself.  Some  support  for  the  latter  hypothesis  is 
offered  by  the  observations  of  Harris  and  .laeobsohn  (4)  and  Martinez  and 
Bittner  (o)  that  male  hypophyses  transplanted  beneath  the  median  emi¬ 
nence  of  hypophysectomized  female  rats  would  restore  normal  estrons 
cycles.  Apparently,  the  sex  difference  in  gonadotropin  secretion  is  not 
resident  within  the  adenohypophysis  as  such,  but  a  higher  neural  level. 

The  current  studies  were  designed  to  answer  two  (piestions;  (a)  will  the 
pituitary  of  the  anovulatory  female  rat  respond  to  stimulation  of  the  hypo¬ 
thalamus  by  the  relea.se  of  sufficient  gonadotropin  to  cause  ovulation  and 
(b)  if  so,  can  a  specific  region  of  the  hypothalamus  be  implicated  as  the 
site  of  the  deleterious  androgen  action?  The  results  of  these  experiments 
have  been  pre.sented  previously  in  abstract  form  (b). 

MATERIALS  AM)  METHODS 

Fiv(>-(lay-ol(l  Sprasuo-Diiwlov  female  rat.s  wen*  given  a  single  suheutaneous  injec¬ 
tion  of  1.2')  mg.  of  testosterone  propionate  (in  oil)  and  then  permitted  to  mature  to  a 
weight  of  2.30-2.i0  gms.  (4-.'>  months  of  age).  This  exiMwimental  reginn'  was  chosen  since 
it  had  been  shown  previously  to  induce  permanent  sterility  in  the  female  rat  (1). 

Following  treatment,  the  rats  were  maintained  in  an  artificially  illuminati'd,  temi)era- 
ture  controlled  room,  on  a  diet  of  Purina  rat  pellets  su])plemented  by  a  mixture  of  cod- 
liver  oil  and  Mazola  oil  on  bread  once  a  week.  During  the  three  weeks  ])rior  to  ('xperi- 
inentation,  daily  vaginal  smears  were  taken  to  establish  the  ])ersistenee  of  a  eornified 
vaginal  mucosa.  This  idienomenon  can  be  correlated  with  the  ])resence  of  large  ovarian 
vesicular  follicles  and  the  ab.senee  of  corpora  lutca  and  may  thus  be  u.scd  as  a  criterion 
of  stc'i  ility;  however,  la])arotomies  were  i)erformed  j)eriodieally  in  randomly  selected  rats 
exhibiting  i)ersistent  vaginal  eornifieation  to  confirm  the  ab.senee  of  eori)ora  lutea. 

.Vt  the  tinu'Of  experimentation,  all  rats  were  given  an  intraperitoneal  injection  of  2o 
mg.  kg.  of  Xembutal.  This  dosage  produced  sufficient  sedation  to  permit  orientation  of 
the  animal  in  a  stereotaxic  api)aratus,  but  <lid  not  inhibit  ovulation  in  the  normal  eyclie 
rat,  and  it  eliminate<l  the  inoblem  of  hypothalamic  refractoriness  due  to  anesthesia.  Fol¬ 
lowing  ])rocainiz.ition  of  all  anais  to  be  subj(‘eted  to  surgery,  and  orientation  of  the 
animal  in  the  steri'otaxic  apparatus,  bipolar  coneentrie  electrodes  wen*  i)laced,  bilat¬ 
erally,  ill  various  regions  of  the  hypothalamus.  The  stimulation  paramet(*rs  idiosen  for 
this  study  were  2~'.i  volts  (SO-lOO  microamiieres)  sipiare  wave  pulses  delivered  by  a 
(Irass  stimulator  at  a  freciuencv  of  100  sec.  with  a  duration  of  0..5  msec,  for  15  see. 
on  off  pi'riods  ov(‘r  a  total  of  15  minutes.  Such  iiarameters  have  been  usc'd  pri'viously  by 
Critchlow  (7)  and  F.verett  (S)  to  induce  ovulation  in  the  Nembutal-blocked  rat.  .\11 
voltage  and  current  values  used  for  stimulation  were  monitored  by  an  oseilloscojie  jire- 
viously  calibrated  for  such  (hdermiiiations. 

Twenty-four  hours  after  stimulation,  the  rats  were  sacrificed  with  ether  and  the 
fallopian  tubes  were  examined  for  the  presence  of  ova  and  the  ovaries  for  corpora  lutea. 
To  confirm  tin*  autopsy  ri'sults,  both  ovaries  of  each  animal  were  placed  in  Houin’s 
fixative,  paraffin-embedded,  serially  sectioned  and  stained  with  hematoxylin  and 
eosin.  ’I'he  presimce  of  lU'wly  formed  coriiora  lutea,  corndated  with  the  jireviously  identi- 
fi(‘d  tubal  ova,  serv«‘d  as  the  criterion  of  an  ovulatory  discharge  of  gonadotropin  in 
response  to  hyi)othalamic  stimulation. 

Similarly  all  brains  were  perfused  and  fixed  with  10%  formalin,  frozen-sectioned  and 
'tained  with  thionine  for  verification  of  electrode  placements.  The  additional  techniques 
used  in  this  study  will  be  described  with  the  results  of  these  experiments. 
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RESULTS 


To  estahlisli  that  the  adenohypophysis  of  tlie  sterile  rat  can  respond  to 
hypothalamic  stimulation,  areas  were  selected  for  study  which  had  pre¬ 
viously  induced  ovulation  when  stimulated,  namely  the  arcuate  and  ventral 
medial  nuclei  (7).  However,  as  is  shown  in  Table  1,  electrical  stimulation 
of  these  median  eminence  structures  failed  to  cause  ovulation  in  any  of 
S  sterile  rats  (Fifj;.  1).  Although  these  results  would  superficially  tend 
to  support  the  hypothesis  that  the  pituitary  of  the  androgen-sterilized  rat 


Fig.  1.  Ovary  of  an  anovulatorv-pcrsistvnt-i'strous  rat  following 
vlcctrical  stimulation  of  tho  median  eminence.  X25. 


is  refractory  to  hypothalamic  activation,  a  .second  alternative  also  deserved 
con.sideration.  The  constant  levels  of  estrogen  .secreted  by  the  sterile  rat 
ovary  might  .so  affect  adenohypophyseal  phy.siology  as  to  prevent  normal 
storage  of  gonadotropin.  Thus  even  though  the  adenohypophysis  was 
activated  by  hypothalamic  stimulation,  gonadotropin  was  not  pre.sent  in 
sufficient  concentration  to  cause  ovulation.  hAidence  that  thfe  sterile  rat 
pituitary  does  respond  to  hypothalamic  stimulation  by  discharging  lutein¬ 
izing  hormone  is  afforded  by  the  increa.se  in  uterine  weight  which  occurs 
24  hours  after  such  stimulation.  Although  this  is  only  indirect  evidence 
for  the  release  of  LH,  the  .second  hypothe.sis  warranted  further  investiga¬ 
tion.  Thus  a  second  group  of  (i  anovulatory  rats  was  given  single  injections 
of  progesterone  in  a  do.sage  calculated  to  interrupt  the  persistent  vaginal 
cornification  (2  mg.  s.c.  in  oil),  and  presumably  the  secretion  of  LH.  Such 
treatment  generally  induced  2-:f  days  of  diestrus  followed  by  a  single  day 
of  proestrus.  When  no  further  treatment  was  given,  all  animals  resumed 
the  previous  persi.stent  estrous  condition.  If,  however,  the  ventromedial- 
arcuate  complex  was  stimulated  electrically  on  the  day  of  vaginal  proestrus 
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Tari.k  1 


Treatment  ! 

No. 

O. ..  1  \.  »*■  t 

Relative  ( 

iruan  wts. 

mg.  / 100  gm.  R.  wt. 

animals  i 

1  JOll  \  1  .  1 

(gms.) 

I’ituitary 

\vt. 

■Adrenal 

wt. 

( Ivarian 
wt. 

Fterine 

wt. 

Normal  C'ontrol 

Sterile  C'ontrol 

10 

7 

202 . 4 
225.2 

5 . 78 

5 . 53 

34.7 

35.0 

33 . 58  i 
11.75  ' 

108.4 

107.2 

Sterile  j)lus  median  emi- 
nenee  stimulation 

8 

230.2 

5 . 30 

32.4 

12.00 

113.04 

Sterile  plus  2  mji.  proges¬ 
terone 

8 

241. .5 

5.44 

20.35 

12.. 50 

107.04 

Sterile  plus  2  msj.  proses- 
terone-hypothalamie  stim¬ 
ulation.  .Vo  (h'uUition 

34 

240 . 5 

1 

5 . 30 

1 

30.0 

11.20 

1 14.30 

Sterile  plus  2  mi{.  pro^es- 
teroiM'-hypothalamie  stim¬ 
ulation.  Onilation 

1 1 

20") .  2 

5.20 

31  .7 

20.00 

135.70 

Fig.  2.  Ovary  of  an  anovulatc.ry-iM'rsisti'iit-ostrous  rat  priincfl  witli  2  ins.  of  pro- 
nvstoroiu'  in  wiiich  (“Icctrical  stiinnlation  of  tin*  nicdian  eminence  indneed  ovulation. 
Note  the  coinideteness  of  luteinization.  X2o. 
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Fkj.  3.  ( )varv  of  an  anovulatorv-pcrsistcnt-cstrous  rat  |)riincil  w  itli  2  inn.  of  pront'stcroiu: 
l)ut  in  wliicli  hypotlialaniic  stinuilation  was  not  iicrfonnctl.  X2.'). 


all  animals  ovulated  within  24  hours  (Table  1,  Imk.  2).  Progesterone  alone 
failed  to  eause  either  luteinization  or  ovulation  of  any  of  the  numerous 
ovarian  vesicular  fo’licles  (Table  1,  Fig.  .4). 

Once  assured  that  ovulation  could  be  induced  in  the  progesterone-primed 
sterile  rat,  a  more  critical  study  was  undertaken  to  determine  the  specific 
hypothalamic  regions  in  which  stimulation  would  induce  ovulation.  As  is 
shown  in  Figure  o,  electrical  stimulation  of  the  medial  or  lateral  preoptic 
areas,  dorsal  to  the  optic  chiasm  or  in  the  region  of  the  median  forebrain 
bundle,  failed  to  induce  ovulation  in  17  of  18  rats.  In  the  one  positive  re- 
spon.se,  an  incomplete  or  partial  ovulation  occurred.  Only  2  tubal  ova  could 
be  identified  at  autop.sy  and  they  were  correlated  with  the  pre.sence  of  2 
newly  forme<l  copora  lutea.  Other  ovarian  follicles  exhibited  partial  lutein¬ 
ization  but  contained  trapped  ova  (Fig.  4).  In  contrast,  stimulation  of  the 
medial  hypothalamic  regions  immediately  rostral  or  caudal  to  the  arcuate 
and  ventral  medial  nuclei  induced  ovulation  in  10  of  14  rats  (Figs.  5,  (>). 
Stimulation  of  regions  lateral  to  the  ventral  medial  nuclei  or  of  the  medial 
mamillary  nuclei  did  not  induce  ovulation  in  any  of  the  fifteen  cases  .studied 
(Figs.  5,  ()).  Thus,  in  progesterone-primed,  anovulatory  rats,  the  hypotha¬ 
lamic  areas  which  would  promote  an  ovulatory  discharge  of  gonadotropin 
when  .stimulated  could  be  delineated  as  extending  just  rostral  and  caudal. 
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Fig.  4.  Ovary  of  a  progcstcrono-iirimi'd,  anovulatorv-pcrsistc'nt-cstrous  rat  which 
cxliihitod  only  jiartial  ovulation  followinji;  electrical  stimulation  of  the  nu'dial  preojitic 
area.  Note  the  iireseneo  of  two  newh*  formed  eorjiora  lutea  and  the  i)artial  luteinization 
of  the  large  vesicular  follicles.  These  latter  follicles  contained  trapped  ova.  X25. 


l)ut  not  lateral,  to  the  ventral  medial  nucleus.  The  antero-posterior  ex¬ 
tent  of  this  po.sitive  region  is  represented  in  sagittal  section  in  Figure  7 


DISCUSSION' 

These  re.sults  suggest  that  the  adenohypophysis  of  the  androgen-steri¬ 
lized  rat  can  function  normally,  provided:  (a)  proper  gonadotropin  storage 
is  permitted  and  (h)  an  impetus  for  its  relea.se  is  supplied  hy  the  hypothal¬ 
amus.  We  have  interpreted  the  failure  of  the  persistent-estrous  rat  to 
ovulate  on  artificial  hypothalamic  stimulation  as  due  to  insufficient  pitu¬ 
itary  gonadotropin  stores.  When  such  animals  are  primed  with  proges¬ 
terone  they  readily  ovulate  in  response  to  such  hypothalamic  stimulation. 
Presumably  progesterone  permits  sufficient  gonadotropin  to  he  accumu¬ 
lated  in  the  adenohypophy.sis  to  cause  ovulation  when  released.  Segal  has 
reported  that  the  pituitary  gonadotropin  content  of  the  androgen-.steri- 
lized  rat  is  comparable  to  that  of  the  normal  male  rat  (9).  However,  his 
assays  are  based  on  glands  of  fiO-day-old  rats  which  have  exhibited  only 
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2-R  weeks  of  persistent  vaginal  cornification,  whereas  the  animals  employed 
in  these  studies  have  undergone  an  additional  (iO-120  days  of  persistent 
estrus  (120-1S0  days  of  age).  It  is  probable  that  the  pituitary’,  when  sub¬ 
jected  to  prolonged  estrogen  stimulation  would  be  depleted  of  its  stored 
gonadotropin.  Preliminary  assay  data  of  the  pituitary  LH  content  of  pro¬ 
gesterone-primed  persistent  estrous  rats  suggest  a  twofold  increase  in  con¬ 
tent  (unpublished  observ'ations). 

A  second  mode  of  progesterone  action  also  deserves  consideration. 
Everett  (10)  has  shown  that  progesterone  will  advance  ovulation  24  hours 
in  the  normal  cyclic  rat  provided  this  steroid  is  administered  on  the  last 
day  of  die.strus.  Furthermore,  Kawakami  and  Sawyer  (11)  have  observed 
that  progesterone,  in  facilitating  ovulation  in  the  rabbit,  also  lowers  var¬ 
ious  central  nervous  thresholds  to  electrical  stimulation.  There  is  thus  the 
possibility  that  treatment  of  the  androgen-sterilized  female  rat  with  pro¬ 
gesterone  may  facilitate  the  electrical  stimulus  to  result  in  ovulation  rather 
than  having  a  direct  effect  on  pituitary  gonadotropin  content.  Regardless 
of  its  site  of  action,  progesterone  priming  is  necessary,  prior  to  hypotha¬ 
lamic  stimulation,  for  ovulation  to  occur. 
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Figs.  .5,  (>.  Midsagittal  and  coronal  sections  of  rat  hyiiotlialainus  indicatinfi;  points  of 
stimulation.  Diagrams  from  DcGroot’s  “The  rat  forchrain  in  stereotaxic  eoonlinates” 
(15).  Closed  circles  indicate  hypothalamic  sites  in  which  stimulation  induced  ovulation. 
Open  circles  rejiresent  areas  in  which  stimulation  faihsl  to  induce  ovulation.  .Vhhrcvia- 
tions  us(‘d  in  this  and  suhsciiucnt  tif?ur(‘s:  .VC.  anterior  commissure;  area  iiarol- 

factoria  lateralis;  .\R,  arcuate  nucleus;  corpus  callosum;  CPr,  nucleus  caudatus 
putamen;  CO,  ojitic  chiasm;  D.MH,  dorsal  medial  nucleus;  .MX,  medial  mamillary 
nucleus;  .MT,  mamillothalamic  tract;  PO.V,  prcoptic  area;  VAIN,  ventral  medial  nu¬ 
cleus. 


NN’hat  i.s  the  mechanism  l)y  which  androgen  induces  .sterility?  Apparently 
prepubertal  androgen  treatment  so  alters  normal  hypothalamic  function  as 
to  render  it  incapable  of  activating  the  cyclic  ovulatory  discharge  of  gon¬ 
adotropin  (presumably  LII).  In  contrast,  such  treatment  fails  to  cause 
complete  cessation  of  IJI  .secretion.  This  is  evidenced  by  the  .syndrome 
vhich  ensues  following  prepubertal  treatment :  persistent  vaginal  cornifica- 
lon  and  ov’arian  interstitial  cell,  adrenal  and  pituitary  hypertrophy  which 
re  either  directlv’  or  indirectly  (through  estrogen  secretion),  the  conse- 
uence  of  a  tonic  discharge  of  adenohypophv.seal  LII. 

To  establish  a  hypothalamic  locus  which  is  deleteriously  affected  by 


i 

J 


70 


KARRAC'LOrdH  AND  GORSKI 


Volume  6S 


Fig.  7.  MidsaKittal  n'constructioii  of  rat  liypotlialainus  indicatinu  cxtciit  of  area  in 
which  stimulation  resulted  in  ovulation.  .Xhhreviations:  hippo,  hippocampus;  M,  massa 
intermedia;  I’V,  jiara ventricular  nucleus;  SR,  seidum;  11,  ojitie  nerve. 

androgen  requires  an  evaluation  of  the  specific  hypothalamic  areas  pro¬ 
posed  to  he  responsible  for  the  control  of  ovulation  in  the  normal  rat. 
Critchlow  initially  demon.strated  that  electrical  stimulation  of  hypothalamic 
regions  extending  from  the  basal  area,  from  the  optic  chiasm  to  the  infun¬ 
dibular  stalk,  consistently  induced  ovulation  in  Nembutal-blocked  rats  (7). 
The  more  recent  .studies  of  INerett  have  extended  these  observations  to 
include  the  preoptic  area  rostral  to  the  suprachiasmatic  nucleus  (8).  Fur¬ 
thermore,  when  small,  specific  le.sions  are  made  in  the  suprachiasmatic 
nucleus,  reproductive  behavior  is  .so  affected  so  as  to  result  in  anovulatory- 
persistent-estrous  animals  similar  in  every  respect  to  the  androgen-.steril- 
ized  rat  (12). 

The  hypothalamic  locus  thus  implicated  as  the  site  of  deleterious  andro¬ 
gen  action  is  the  midline  .suprachiasmatic-preoptic  area.  Lesions  of  this 
region  result  in  an  imbalance  in  gonadotropin  secretion  which  imitates  that 
ob.served  in  the  .sterilized  rat  (12)  and  ovulation  can  readily  be  induced 
by  stimulation  of  this  region  in  normal  but  not  in  androgen-sterilized  ani¬ 
mals. 

The  ob.servations  of  the.se  and  previous  investigations  suggest  a  dual 
hypothalamic  control  of  adenohypophyseal  gonadotropin  .secretion  in  the 
female  rat.  The  first  level  of  hypothalamic  control  involves  the  tonic  dis¬ 
charge  of  gonadotropin  in  sufficient  (piantity  to  maintain  estrogen  produc¬ 
tion  but  cannot  independently  initiate  the  ovulatory  surge  of  gonadotropin 
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riiis  control  is  apparently  resident  in  the  arcuate-ventromedial  nuclei 
region  of  the  median  eminence,  hividence  for  this  primary  control  and 
ocalization  is  based  on  the  observations  that  estrofijen  is  secreted  in  the 
inovulatory-persistent  estrous  rat  and  that  electrical  stimulation  of  these 
tructures  in  the  sterile  rat  will  induce  LII  secretion.  Furthermore,  de- 
truction  of  these  areas  results  in  the  cessation  of  estrogen  production, 
)varian  atrophy  and  anestrus  (12). 

Of  fundamental  importance  is  tlie  second  and  higher  control  which  re¬ 
sults  in  the  cyclic  discharge  of  {gonadotropin  to  cause  ovulation.  The  specific 
e{j:ion  responsible  for  such  control  may,  most  likely,  be  placed  in  the  pre- 
,jptic  area  of  the  hypothalamus.  Furthermore,  this  re{>:ion  of  “ovulation 
ontrol”  is  dependent  for  its  activation  on  exteroceptive  (li{>;ht,  etc.)  (FI), 
.111(1  interoceptive  (steroid  [14],  hi{>;her  neural  control)  influences. 

Thus  it  may  be  that  the  hypothalamic  events  which  occur  durin{?  the 
normal  cycle  in  the  female  rat  are  these:  the  preoptic  (suprachiasmatic) 
area  responds  under  proper  environmental  and  hormonal  circumstances, 

NORMAL 


Fio.  H.  Diagrammatic  representation  of  liypotlialamic  events  wliicli  re}i;nlate  tin*  dis- 
'  ir^e  of  gona(lotro|)in  to  cans(>  ovulation  (ovulating  liormone)  and  or  tlu'  tonic  release 
'  ovarian  (‘strogen.  .Vhhri'viations:  1*0 A.  preojjtic  area;  Sch.  N.,  suprachiasmatic 
I  i  leus;  Y.MN,  ventral  medial  nucleus;  .\R(’,  arcuate  nucleus. 
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ANPROGEN-STEHILE  0«  LESION 


No  ovulation 


Fig.  9.  Hypothalamic  «‘vcnts  which  occur  on  prcitubcrtal  tnaitmcnt  of  female 
rats  with  androgen  or  destruction  of  the  anterior  jtreoittic  area. 

(which  are  fulfilled  on  the  day  of  proestrus)  by  an  activation  of  the  more 
terminal  infundibular  region.s  to  cause  an  ovulatory  discharge  of  gonado¬ 
tropin  from  the  adenohypophysis  (F^ig.  S).  In  the  ab.sence  of  this  higher 
control,  the  terminal  .structures  (arcuate-ventromedial  nuclei)  still  func¬ 
tion  normally  to  stimulate  LII  .secretion,  but  the  ovulatory  .surge  of  gon¬ 
adotropin  is  absent  and  sterility  ensues  (Fig.  9). 

Seemingly,  the  anterior  preoptic  area  of  the  prepubertal  female  rat  is 
undifTerentiated  at  birth  with  regard  to  its  .subsecpient  control  of  gonad('- 
tropin  secretion.  When  allowed  to  differentiate  normally  it  regulates  the 
release  of  ovulating  hormone.  However,  if  differentiated  in  the  presence 
of  androgen,  this  area  becomes  refractory  to  both  intrinsic  and  extrinsic 
activation  and  the  more  tonic  type  of  male  gonadotropin  secretion  is  ol  - 
served. 
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IIEHHEKT  K.  KASIIIWA 

Ih  /xirtmenh  of  A  natooii/,  George  Washington  rniversitg,  School  of  Medicine, 
Washington,  I).  C.  and  the  rniver,sitij  of  Lonisville  Medical  School, 

Loai.'tville,  Kentnckg- 

ABSTRACT 

Control  and  mannosiuin-deficiont  synthetic  diets  were  fed  ad  libitum  to  in- 
taet,  to  adrenaleetoinized  and  to  hypophyseetoinized  male  rats  for  S,  15  and 
22  (lays.  The  eourse  and  secpienee  of  the  a|)pearanee  of  inasnesium-defieieney 
symptoms  were  reeorded.  In  the  intaet  and  the  adrenaleet<tmized  rats  fed  tin* 
defieient  dud.  the  >jrowth  rate  was  dei)ressed.  when'as  the  hypophyseetoinized 
deficient  rats  show(>d  no  sifinificant  diffenmee  in  wc'inht  Kidn  eoinjiared  to  their 
controls. 

Hats  in  each  of  the  thn'e  groups  on  the  defieient  diet  develojied  hyperemia, 
leueoeytosis  (especially  eosinoiihilia)  and  renal  h'sions  in  the  distal  convoluted 
tuhules  coincident  with  the  initial  dejiletion  of  serum  magnesium.  In  the  intact 
and  the  adrenalectomize<l  rats  these  maniu'sium-defieiency  symptoms  apjieared 
during;  the  first  week  on  the  (‘xpi'rimental  diet,  but  in  the  hypophyseetomizt'd 
rats  the  onset  of  tin*  symptoms  was  siKuificantly  delayed  to  the  third  week. 

-Vlthouf'h  the  kidney  lesions  were  similar  to  tbose  described  for  the  potas- 
sium-defici(>nt  rats,  they  ap|)eared  to  be  due  to  masuesium  (h'ficiency  per  se  in 
these  animals.  The  data  also  sunKcstt'd  a  possible  jiituitary-kidney  axis  for  the 
control  of  serum  mafjnesium  level. 

INTRODUCTIOX 

IT  IS  well  known  tlmt  hormones  actively  participate  in  the  liody’s 
metabolism  of  inorganic  ions,  such  as  the  effects  of  parathyroid  hor¬ 
mone  on  calcium  and  aldosterone  on  sodium  and  potas.sium.  The  belief 
that  the  .serum  magnesium,  like  calcium,  sodium  ami  potassium,  may  be 
actively  controlled  by  hormones  is  supported  by  ob.servations  on  the 
fluctuation  of  this  cation  in  certain  clinical  diseases  .such  as  primary  aldo¬ 
steronism  (1,  2)  and  Addison’s  disease  (If),  and  in  certain  physiological 
.states  such  as  hibernation  (4,  o),  sleep  ((>)  and  low  environmental  tempera¬ 
ture  (7,  S,  9).  Reports  on  the  con.servation  of  magnesium  by  the  kidneys 
during  a  deficiency  state  (10,  11)  provide  further  evidence  of  active  control 
of  this  cation.  Hormonal  control  of  magnesium  has  been  .suggested  in 

Hectdved  Junv  1.3,  1900. 

*  The  data  in  this  jjaper  were  presented  as  |)art  of  a  dissertation  to  the  Clraduate  C'oun- 
eil  of  The  (leorge  Washington  University  in  eandidaey  for  the  d(*gre<'  of  Doetor  ol 
Philosophy. 

*  Present  address. 
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studies  showing  Huetuation  of  serum  magnesium  level  after  removal  of 
■ertain  endocrine  glands,  associated  with  hyperactive  glands  or  after  the 
iijection  of  various  hormones.  However,  these  reports  confuse  the  problem 
)y  the  implication  of  several  hormones,  namely  thyroxine  (12,  Id),  para- 
hyroid  hormone  (14,  lo,  1(5),  ACTH  (17)  and  aldosterone  (1,  2).  It  is 
iighly  improbable  that  all  of  these  hormones  are  involved  in  controlling 
he  single  cation,  magnesium. 

In  view  of  the  uncertainties  in  our  knowledge  of  magnesium  control,  an 
ttempt  was  made  in  this  investigation  to  re-evaluate  the  effects  of  ad- 
enalectomy  and  of  hypophysectomy  on  magnesium  metabolism  (18).  The 
cquential  appearance  of  some  of  the  known  magnesium-deficiency  .symp- 
oms  (19)  and  the  recently  described  leucocytosis  (20)  was  correlated  with 
the  depletion  of  serum  magnesium  in  intact,  in  adrenalectomized  and  in 
liypophysectomized  rats. 

MATERI.\LS  AM)  METHODS 

Control  and  nuiKncsiuin-doficicnt  diets  containing  0.72%  calcium  and  with  a  Ca:P 
ratio  of  1.25  were  i)repared  and  fed  ad  libitum  to  intact,  to  adrenalectomized  and  to  hypo- 
physectomizf'd  rats  for  8,  15  and  22  days.  'I'lie  control  diet  contained  34  mg.%  and  d(*- 


TaBI.E  1.  KxI’EKI.MENTAI.  OESKiN:  DISTHIBl  TION  OK  I\TA«  T,  OK  AOREN AI.ECTOMIZEl) 
AM)  OK  H  YCOCll  YSECTOMIZEI)  HATS  KEl)  CONTROl.  AND  M  AON  ESI  f  M- 
DEKKTENT  OIETS  KOR  8,  15  AM)  22  DAYS 


(  il'OUp 

1  )ays  on  diet 

Diet 

Intact 

No.  of  rats 

.\drenx.  * 

Hypx.t 

1 

Of 

Purina  lab.  chow 

8 

8 

10 

2 

8 

Control 

) 

8 

10 

3 

8 

1  teticient 

10 

8 

10 

4 

15 

('ontrol 

7 

8 

10 

5 

15 

1  leficient 

10 

8 

10 

(> 

22 

Control 

20 

10 

10 

7 

22 

1  )eticienl 

25 

10 

13 

*  Adrenalectomized. 

t  Hypophysectomized. 

+  For  convenience,  rats  sacriticed  prior  to  the  feeding  of  the  synthetic  diets  will  he  called 
I  )ay  0  group  of  rats. 

ficient  diet  contained  0.37  mg.%  magnesium.  The  comiiosition  of  th(‘s(>  diets  has  been  de¬ 
scribed  elsewhere  (20). 

Kight\’-seven  intact,  male  Wistar  rats  weighing  about  80  gm.  were  distributed  at  ran¬ 
dom  to  comiirise  seven  groups  as  shown  in  Table  1.  During  the  experimental  feeding  all 
lets  in  this  group  received  demineralized  drinking  water. 

Sixty  male  Wistar  rats  weighing  about  80  gm.  wen*  bilaterally  adrenaleetomized 
t'  rough  the  dorsal  approach,  .\fter  the  fifth  jiostoperative  day  they  were  distributed  at 
r  'idom  into  seven  groups  as  sliown  in  Table  1 .  During  the  period  of  exiierimental  feeding 
t*  c  animals  were  maintained  on  1%  X'aC'l  prepared  with  demineralized  water. 

Seventj'-three  hypoiihy.sectomized  male  rats  of  the  Si)ragU(‘-Dawley  strain,  weighing 
tt  out  100  gm.,  were  purchased  from  the  Hormone  .\ssay  Laboratories,  Inc.  and  were  dis- 
t  )uted  into  seven  groups  as  shown  in  Table  1 .  During  the  experiment  the  drinking  solu- 
*  5%  glucose  and  0.5%  X’aCl,  was  prepared  with  demineralized  water. 
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Body  weights  were  recorded  a  day  before  the  feeding  of  tlie  synthetic 
diets  (Day  0)  and  on  days  7,  14  and  21.  Tlie  hyperemic  ears  were  scored 
from  1+  to  4+  using  tlie  indices  previously  described  (20).  The  daily 
hyperemic  indices  of  a  group  were  converted  to  percentile  figures  by 
dividing  the  total  daily  indices  by  the  maximum  hyperemia  possible  for 
the  group  (4-j-  times  total  number  of  rats)  and  multiplied  by  100.  The 
total  WBC,  direct  eosinophil  counts  and  ditferential  counts  of  neutrophils 
and  mononuclear  leucocytes  were  made  on  days  0,  S  and  lo  only  in  those 
rats  that  were  fed  the  diet  for  lo  and  22  days.  The  methods  used  have  been 
described  elsewhere  (20). 

Blood  samples  were  taken  by  heart  punctures  in  heparinized  syringes 
and  the  total  serum  magnesium  determined  by  the  titan  yellow  method  as 
recommended  by  Orange  and  Bhein  (21).  Pituitaries  were  fixed  in  Bouin’s 
solution,  dehydrated,  cleared  and  embedded  in  paraffin  by  the  standard 
procedure.  The  sections  were  stained  with  chrome  alum  hematoxylin  for 
neurosecretory  substances  (22)  and  adjacent  sections  were  stained  with 
the  aldehyde  fuchsin  method  for  cell  types  in  the  anterior  lobe  (2:i). 
.Adrenal  glands  were  fixed  in  10%  formalin  and  frozen  sections  were  cut 
and  stained  with  oil  red  0  for  lipids  (24).  The  kidneys  were  fixed  in  10% 
formalin  and  processed  through  paraffin  in  the  usual  manner.  Alternate 
sections  were  stained  with  hematoxylin  and  eosin,  von  Kossa’s  method  for 
calcium  (24)  and  periodic  acid-Schitf  stain  (2d). 

UESULTS 

liodij  Weight 

The  growth  rates  of  the  intact  and  the  adrenalectomized  rats  fed  the 
magnesium-deficient  diet  were  less  than  those  of  their  respective  control 
rats  (Table  2).  The  body  weights  of  both  these  deficient  groups  were  sig¬ 
nificantly  lighter  (P<.01)  than  their  controls  after  the  first  week  on  diet. 
On  day  21  the  weights  of  the  intact  and  the  adrenalectomized  deficient  rats 
were  70%;  of  that  of  the  control  animals.  The  control  rats  grew  nor- 


Tabi.e  2.  Average  body  wekjiits  of  iNTAt  T,  of  adrenai.ectomized  and  of  hy- 

I’OFHYSECTOMIZED  RATS  FED  CONTROI.  AND  M AC N ESI F M-DEFKTE NT  DIETS 


(iroiip  ! 

Days 

1  on  diet 

0 

7 

14 

21 

Intact  -C 

20 

88  +  11* 

120  +  13 

140  +  17 

105+22 

Intact — I) 

17 

87  ±12 

111  ±14 

115117 

110118 

.\drenx. — C 

t 

01  +  0 

120111 

107121 

185121 

.\drenx.  1 ) 

0 

00±  10 

118110 

124  110 

131  ±13 

Hvpx.-  C' 

10 

1021  4 

08+  .5 

01  +10 

00+  8(0) 

Hypx.  1) 

13 

1001  7 

001  7 

021  0 

021  0(7) 

Standard  Deviation. 

t  No.  of  rats  alive  on  day  22  in  parentheses. 
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nally  and  seemed  to  l)e  in  good  liealth.  The  mortality  rates  for  rats  on  the 
liet  for  22  days  were  32%  for  tlie  intact  deficient  group,  10%  for  the 
-drenalectomized  deficient  group  and  30%  for  tlie  adrenalectomized  con- 
rol  group.  None  of  the  intact  control  rats  died. 

In  the  hypophysectomized  group  the  growth  rates  for  the  control  and  the 
iiagnesium-deficient  rats  paralleled  each  other,  both  showing  a  slight  loss  in 
tody  weight  throughout  the  experiment  (Table  2).  On  day  21  the  control 
A’oup  was  97%  and  the  deficient  group  92%  of  the  initial  body  weight.  The 
argest  difference  (7  gm.  on  day  21)  between  the  body  weights  of  the  con- 
rol  and  the  deficient  hypophysectomized  rats  was  statistically  insignifi¬ 
cant  (P>.0o).  The  mortality  rate  for  the  hypophysectomized  rats  on  the 
let  for  22  days  was  49%  for  the  deficient  group  and  10%  for  the  control 
,roup. 

iljipercmia 

The  intact  as  well  as  adrenalectomized  and  the  hypophysectomized  rats 
li'd  the  magnesium-deficient  diet  developed  hyperemic  ears  while  none  of 
ihe  control  rats  exhibited  this  .symptom.  In  the  intact  rats  the  hyperemia 


Fig.  1.  Hypcn'inia  in  intact,  ailrcnalcctoiniztal  and  liyi)()i)liyscct<)mizc<l  rats 
fed  inagncsium-dcficicnt  diet  for  22  days. 


appeared  on  the  4th  day,  reached  its  peak  on  the  9th  day  and  blanched  by 
Ihe  1.5th  day  (Fig.  1).  In  the  adrenalectomized  deficient  group  the  initial 
appearance  and  final  blanching  of  the  .symptom  occurred  a  day  later  than 
in  the  intact  deficient  group.  This  difference  was  statistically  in.significant 
(P>.0,5).  In  contrast,  the  appearance  of  hyperemic  ears  in  the  hypophy¬ 
sectomized  deficient  group  was  delayed  until  the  20th  day,  a  delay  of  about 
1<)  days  compared  to  the  intact  and  adrenalectomized  deficient  groups.  The 
average  duration  of  hyperemia  was  11  days  in  the  intact  and  the  adrenal- 
cctomized  deficient  groups.  The  duration  could  not  be  determined  for  the 
li\  pophysectomized  deficient  rats  since  the  experiment  was  terminated  two 
<1  lys  after  the  first  appearance  of  this  symptom. 

The  individual  variation  of  hyperemic  response  is  outlined  in  Table  3. 
r  )t  all  rats  placed  on  the  magnesium-deficient  diet  developed  this  va.scular 
1  action.  In  the  intact  group  92%  of  the  rats  developed  hyperemia,  whereas 
;  '  of  the  24  adrenalectomized  rats  examined  exhibited  this  re.sponse.  Out 
(  the  7  hypophysectomized  rats  which  survived  to  day  22,  onh’  two  rats 
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TaBLK  3.  HyI’KREMIA  in  INTAIT,  in  ADKENAI.EtTDMIZEl)  AM)  IN  HYI’Ol'HY- 
SECTDMIZEI)  RATS  KEI)  M AIJNESII'XI-DEFK'IENT  DIET 


No.  of  rats 

%  of  rats  (fcvclop- 
iii}j  hypcri'inia 

Duration  of  hyiicrcinia  per  rat 
(days) 

.Average  ’  Hanne 

Intact 

24 

1(2 

5  2.8 

Aiircnx. 

18 

100 

5  3-8 

tfypx. 

20* 

Insufficient  Data 

*  Not  reprcsiMitiitivc  since  nits  in  this  i;n)U|)  were  sacrificed  2  days  after  the  first  onset  o! 
liyperemia. 


became  hyperemic.  The  onset  of  hyperemia  difTeretl  from  rat  to  rat;  the 
vascular  reaction  developed  on  day  4  in  some  rats  and  on  days  5,  (i  or  7  in 
others.  The  severity  of  hyperemia  also  varied;  in  some  rats  the  hyperemia 
progressed  to  the  2+  stage  and  blanched  without  further  development 
while  in  others  the  markedly  congested  blood  vessels  of  the  ears  (4  +  )  per¬ 
sisted  for  several  days.  The  duration  of  hyperemia  per  intact  or  adrenal- 
ectomized  rat  averaged  5  days  with  a  range  from  2  to  S  days. 

White  Blood  Cell  ('ounts 

The  av’erage  WHC  counts  of  the  intact  control  group  increased  grad¬ 
ually  during  the  three  weeks  on  the  synthetic  diet  (Table  4).  In  the  intact 
group  fed  the  deficient  diet,  the  total  WBC  count  was  markedly  elevated 
to  a  peak  of  80,000  cells  per  mm.*  on  day  S  and  returned  toward  the  control 
value  on  the  loth  day.  This  leucocytosis  ou  tlay  8  was  significant  (P  <.01j 
when  compared  to  the  control  level  and  was  due  to  an  increase  in  the 
number  of  mononuclear  leucocytes,  neutrophils  and  especially  eosinophib 
in  the  order  of  2.2,  4.5  and  7.5  times  the  initial  level,  respectively. 

In  the  adrenalectomized  control  rats  the  counts  for  each  cell  type  and 
the  total  WBC  did  not  differ  significantly  from  the  initial  level  (Table  4). 
In  the  deficient  group,  however,  all  counts  increased  significantly  on  day  S 
and  further  on  day  15  (P<.01).  The  increase  in  counts  from  the  prediet 


Table  4.  White  blood  tell  ooi  nts  ok  intai't,  ok  adrenalei'tomized  and  ok  HYi’opin- 

SECTOMIZED  RATS  KEI)  CONTROL  AND  MAUNESU  M-DEKKTENT  DIETS 


(iroup 

So.  of 

Total 

WBC 

(days) 

mill.’ 

Monontictear 

(days) 

nun.* 

NcMitrophils  /'mm.* 
(days) 

Kosinophils  /mm.* 
(days) 

0 

8 

15 

0 

8 

15 

0 

8 

15 

0 

8 

15 

Intact  -  C 

15 

11.8* 

15.5* 

24.2* 

9.9* 

12.4* 

18.8* 

1.8* 

3.0* 

3.1* 

04 

147 

314 

Intact — n 

12 

11.0 

30.6 

26.6 

10.9 

22.2 

10.7 

1.8 

8.1 

6.8 

81 

611 

;166 

.Adrenx. — C 

7 

14.0 

14.0 

13.5 

11.0 

10.5 

11.2 

2.9 

3.0 

«>  ») 

105 

101 

184 

.\drenx. — D 

10 

15.6 

27.3 

37.6 

13.2 

21.6 

28.4 

2.4 

5.6 

8.6 

155 

468 

1250 

Hypx. — C 

17 

28.2 

28.7 

28.2 

24.6 

25.8 

25.8 

3.3 

2.6 

2.3 

302 

373 

195 

Hypx. — D 

17 

29.4 

36.3 

33.3 

25.0 

31.7 

30.8 

3.1 

4.1 

2.4 

269 

284 

163 

Hypx.-C 
Hypx. — n 

9 

7 

Day  22 
23.4 
47.1 

Day  22 
20.8 
42.7 

Day  22 

2.5 

3.5 

Day 

14:. 

021 

♦  Cells  X  10*. 
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levels  of  moiionuelear  cells,  neutrophils  and  eosinophils  were  2.4,  2.H  and 
>.0  times  respectively  on  day  S,  and  2.1,  H.h  and  (S.l  times  respectively  on 
lay  lo. 

In  the  hypophysectomized  control  rats  the  total  number  of  WBC  and 
nononuclear  cells  remained  relatively  unchaiified  during  the  first  two  weeks 
)iit  decreased  significantly  on  the  22nd  day  (Table  4).  The  neutrophil  and 
'osinophil  counts  decreased  from  day  0  to  day  22  by  a  factor  of  ().7o  and 
I.Ht)  respectively.  In  the  deficient  group  a  slight  rise  in  total  mono- 

luclear,  neutrophil  and  eosinophil  counts  was  seen  on  the  <Sth  day.  The 
-nost  .significant  change  in  counts,  however,  occurred  on  the  22nd  day  when 
:ill  except  the  neutrophil  count  were  significantly  elevated  (P  <.()!).  The 
total  WBC  count  was  elevated  l.ti  times,  the  mononuclear  l.ti  times  and 
the  eo.sinophil  .4.4  times  the  prediet  levels. 


Table  h.  .'^eri  m  MA(iNEsirM  levels  (.M(i.%)  ok  intact,  oe  adkenai.ectomizei)  and  ok 

IIYI’Ol’insECTO.MIZEI)  RATS  KEI>  CONTROL  AND  MAONESII  M-DEKICIENT  DIETS 


(■roup 

1  lays 

on  diet 

0 

8 

15 

22 

Intact  (' 

2  51  ±0.47* 

(8)t  2.15±0.30  (7) 

1  .07  +0.18 

(7) 

1  .07  ±0.28  (13) 

Intact  I) 

0.38+0.25  (10) 

0.34  ±0.17 

(0) 

0  ,57  ±0..53 

(8) 

Adrenx.  (' 

2.22+0.1 1 

(0) 

1.01+0.17  (0) 

1  .80+0. .32 

(0) 

2.00+0.21 

(7) 

Adrenx. —  1 ) 

0.30  ±0.23  (0) 

0.80  ±0.48 

(7) 

0.04  ±0.00 

(8) 

IIvpx.  (( 

2.00+0.30 

(8) 

2.20  +0.00  (10) 

2.48  ±0.70  (10) 

2.15  +0.20 

(8) 

Hypx.  1) 

2. 10+0. .58  (8) 

1  .04  ±0.42 

(8) 

0.51  ±0.20 

(0) 

*  Standard  1  tcviation. 
t  Xd.  of  rats  in  parentheses. 


.V  period  of  general  leucocytosis  was  observed  in  each  group  of  rats  fed 
the  magnesium-deficient  diet.  \  significant  ri.se  occurred  on  the  Sth  day  in 
the  intact  and  the  adienalectomized  groups  and  on  the  22nd  day  in  the 
hypophy.sectomized  group.  The  leucocyto.sis  was  due  in  each  ca.se  to  the 
elevation  of  all  three  white  blood  cell  types:  mononuclear  cells,  neutrophils 
(except  in  the  hypophysectomized  deficient  group)  and  eosinophils.  In 
each  group,  however,  the  greatest  increase  from  the  prediet  level  was  seen 
in  the  eosinophil  count. 

Scrum  Magnesium 

The  .serum  magnesium  levels  of  the  control  rats  of  the  three  groups 
(  Pable  .5)  remained  within  the  normal  range.  In  the  intact  rats  fed  the 
I  agnesium-deficient  diet,  the  average  total  serum  magnesium  levels 
(  "able  .5)  dropped  from  a  prediet  level  of  2..51  mg.%  to  a  low  value  of  ().4S 
I  g.%  on  the  Sth  day  and  remained  low  throughout  the  remainder  of  the 
(  periment.  The  .serum  magnesium  level  of  the  adrenalectomized  deficient 
1  ts  (Table  o)  similarly  dropped  to  a  low  value  of  0.49  mg.%  on  day  S  from 
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a  prediet  level  of  2.22  hut  thereafter  began  to  rise,  attaining  a  value 

of  0.94  mg.%  on  the  22nd  day  (P  =  .0o).  The  serum  magnesium  level  of  the 
hypophysectomized  deficient  rats  (Table  o)  maintained  the  prediet  level  of 
serum  magnesium  on  day  S,  but  began  to  decline  on  day  15,  reaching  a 
value  of  1.04  mg.%,  a  significant  drop  from  the  day  S  value  and  from  their 
controls  (P<.01).  The  22nd  day  value  reached  a  low  of  0.51  mg.%  mag¬ 
nesium. 

H istological  Examination 

The  concentration  and  distribution  of  oil  red  O-positive  lipids  in  the  atl- 
renal  cortex:  the  neurosecretory  sul)stances  of  the  posterior  pituitary  lobe 
stained  with  chrome  alum  hematoxylin:  and  the  cytology  and  number  ol 
alpha  and  beta  cells  of  the  anterior  pituitary  lobe  stained  with  P.\S  oi 
aldehyde  fuchsin  showed  no  significant  differences  between  the  control  and 
magnesium-deficient  rats. 

Kidney 

The  kidneys  of  intact,  of  adrenalectomized  and  of  hypophysectomized 
deficient  rats  developed  tubular  lesions  in  the  cortex  (Figs.  2  and  ;i)  and  at 
the  cortico-medullary  junction  (Figs.  4  and  5).  In  the  intact  and  adrenal¬ 
ectomized  deficient  rats  these  lesions  appeared  as  early  as  day  S  and  per¬ 
sisted  throughout  the  duration  of  the  experiment.  The  kidneys  of  the 
hypophysectomized  rats,  fed  the  deficient  diet  for  S  and  15  days,  appeared 
normal  but  tubular  lesions  appeared  in  kidneys  of  hypophysectomized  rats 
fed  the  deficient  diet  for  22  days. 

The  histologic  changes  in  the  kidneys  were  as  follows: 

1.  Foci  of  tubules  in  the  cortex  lined  by  hypertrophied  cells  with  en¬ 
larged,  vesiculated  nuclei  and  vacuolated  cytoplasm  (Fig.  2). 

2.  Foci  of  tubules  in  the  cortex  lined  by  flattened  epithelial  cells  with 
eidarged  lumina  (Fig.  8). 

8.  Tubules  lined  by  cells  with  pyknotic  nuclei  and  eosinophilic  cyto¬ 
plasm,  most  numerous  at  the  cortico-medullary  junction  (Fig.  4). 

4.  Foci  of  basophilic,  von  Kossa-positive,  calcareous  deposits  in  tubules, 
especially  numerous  at  the  cortico-medullary  junction  (Fig.  5). 

('ertain  lesions  seemed  to  be  more  predominant  during  the  early  stage 
and  others  during  the  late  stage  of  deficiency.  In  kidneys  of  the  intact  an  1 
the  adrenalectomized  rats  fed  the  deficient  diet  for  8  and  15  days,  lesions  1 
(hypertrophied  cells),  2  (flattened  epithelium)  and  especially  lesion  1 
(pyknotic  nuclei)  were  more  numerous  than  lesion  4  (calcium  deposits  . 
On  the  22nd  day,  lesion  4  was  the  primary  one  in  the  intact  and  the  a(  - 
renalectomized  rats.  In  the  hypophy.sectomized  deficient  rats  on  day  2'., 
lesion  1  was  most  predominant  with  the  appearance  of  occasional  lesioi  s 
2,  8  and  4. 


Fig.  4.  ('ortieo-medulhirv  junction  of  kidiu'y  from  an  adrcMuilcctomizcd  rat  fed 
niaf>;ncsiuni-d(“ficicnt  diet  for  1.5  days,  showiii}!;  tulnilar  cells  (arrows)  with  pyknotic 
nu(‘lei  an<l  (aisinoiihilic  eytoplasin.  Hiunatoxylin  and  Fosin.  320  X 
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DISCUSSION’ 

Tlie  primary  concern  of  this  discussion  sliall  he  to  elaborate  on  the  oh- 
.nvation  tliat  adrenalectomized  rats  developed  magnesium-deficiency 
/mptoms  coincident  with  the  intact  rats,  whereas  the  deficiency  symp- 
>ms  were  definitely  delayed  in  the  hypophysectomized  rats.  This  delayed 
epletion  of  serum  magnesium  and  the  consequent  appearance  of  symp- 
)ms  in  the  hypophysectomized  animals  further  substantiates  the  symp- 
tms  as  being  truly  due  to  magnesium  deficiency  and  suggests  an  interest- 
,  g  relationship  between  the  pituitary  and  magnesium  metabolism. 

In  groups  of  intact  as  well  as  adrenalectomized  rats,  we  were  able  to  con- 
iMin  the  observations  made  by  Kruse,  Orent  and  McCollum  (19)  and  by 
lifts  and  (Ireenberg  (2o)  that  hyperemia  appears  on  the  4th  day,  reaches 
its  peak  on  about  the  Sth  to  9th  day  and  blanches  on  the  14th  day.  The 
( orrelation  between  the  initial  decrease  in  serum  magnesium  level  and  the 
appearance  of  hyperemia  is  also  in  agreement  with  the  concept  proposed  by 
Belanger  et  al.  (2())  that  the  hyperemia  is  initiated  by  histamine  liberated 
fioni  mast  cells  due  to  stimulation  by  low  serum  magnesium.  However,  we 
\\(*re  not  able  to  confirm  the  proposed  explanation  by  Belanger  et  o/.  that 
the  hyperemia  blanches  because  of  a  rise  in  serum  magnesium  level  (25)  on 
(lay  15.  During  the  period  of  blanching  of  the  hyperemia  on  day  15,  the 
scrum  magnesium  level  in  our  intact  deficient  rats  was  as  low  as  the  value 
for  day  S  when  hyperemia  was  most  severe. 

The  direct  cause  or  reason  for  leucocytosis  and  renal  lesions  in  the 
magnesium-deficient  rats  is  not  known  but  that  their  appearance  is  coin¬ 
cident  with  hyperemia  and  serum  magnesium  depletion  is  established  by 
our  data.  Perhaps  our  contention  that  the  drop  in  serum  magnesium  level 
initiates  hyperemia,  leucocyto.sis  and  renal  pathology  is  best  .substantiated 
by  our  observations  on  hypophysectomized  rats.  In  this  group  the  symp¬ 
toms  did  not  appear  on  days  iS  or  15,  as  in  the  intact  and  adrenalectomized 
rats,  but  on  the  22nd  day  when  the  serum  magnesium  level  was  finally  de¬ 
pleted  to  0.5  mg.%. 

The  delay  in  the  depletion  of  serum  magnesium  and  the  appearance  of 
symptoms  in  the  hypophysectomized  rats  suggests  that  the  pituitar\’  may 
he  involved  either  directly  or  indirectly  in  the  control  of  serum  magnesium; 
in  the  ab.sence  of  pituitary  the  normal  serum  magnesium  level  persisted  in 
spite  of  low  magnesium  consumption.  Magnesium,  injected  intravenously, 
ha<  been  shown  to  be  excreted  mainly  by  the  kidney  (27,  2<S).  The  kidney 
is  luiown  to  conserve  magnesium  (10,  11)  and  it  probably  <loes  so  by  the 
re;  bsorption  of  this  cation  in  the  distal  convoluted  tubules  (29).  In  view  of 
tin  'ie  reported  observations  and  the  present  data,  it  would  seem  that  there 
nV'V  be  a  pituitary-kidney  axis  which  controls  magnesium  excretion.  How- 
ev  r,  our  examination  of  pituitaries  from  intact  and  adrenalectomized  de¬ 
bt  nt  rats  did  not  reveal  changes  in  the  cytology  of  anterior  lobe  or  in  the 
CO  '  entration  of  neurosecretory  substance  to  indicate  activity  which 
di  CMcd  from  their  respective  controls. 


00 


KASHIWA 


Volume  6S 


Altliougli  the  reason  for  tlie  delay  in  the  depletion  of  serum  magnesium 
in  the  hypophysectomized  rats  is  not  known,  we  can  infer  from  the  data  on 
adrenalectomized  rats  that  the  absence  of  ACTH  was  not  the  factor  re¬ 
sponsible  since  the  adrenalectomized  rats  did  not  deviate  from  the  time  se¬ 
quence  established  for  the  intact  rats.  The  histological  studies  of  the  ad¬ 
renals  of  the  intact  and  of  the  hypophysectomized  rats  indicated  activity 
commensurate  to  that  of  the  respective  controls  and  no  sign  of  activity 
due  to  magnesium  deficiency  could  be  seen.  Furthermore,  recent  report> 
have  denied  the  exi.stence  of  control  of  .serum  magnesium  levels  by  adrenal 
cortical  hormones  (dO-33). 

The  renal  le.sions,  especially  the  hypertrophied  tubular  cells  and  tul)ule^ 
with  flattened  epithelial  cells,  were  similar  to  those  described  in  potassium- 
deficient  rats  (34).  In  the  kidney  of  magnesium-deficient  rats,  however,  dep 
osition  of  fat  in  the  cytoplasm  of  renal  tubular  cells,  described  in  potas¬ 
sium-deficient  rats,  was  not  found.  In  the  potas.sium-deficient  rats,  calcium 
deposition  in  the  renal  tul)ules  is  not  as  inten.sive  as  it  is  in  the  magnesium- 
deficient  rats.  We  believe  that  the  renal  cortical  lesions  in  our  deficient  rats 
involved  the  distal  convoluted  tubules  or  the  distal  portion  of  the  nephron 
since  brush  borders  were  absent  from  the.se  hypertrophied  cells  and  since 
the  area  around  the  lesion  in  the  cortex  was  made  up  of  many  histologi¬ 
cally  normal  proximal  convoluted  tul)uleswith  distinct  brush  borders  and 
eosinophilic  cytoplasm.  In  the  pota.s.sium-deficient  rats  the  lesions  were  de¬ 
scribed  to  be  in  the  proximal  portion  of  the  nephron. 
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ABSTRACT 

A  system  for  prolonged  volumetrie  eolleetion  of  oviduet  seeretions  was  ap- 
])lu“d  to  adult  Xew  Zealand  White  rabbits.  The  effeet  on  oviduct  secretion  rate 
of  castration,  progesterone,  and  i)osteastration  estrogen  and  or  i)rogesterone 
treatment  was  evaluated.  After  castration,  the  rate  of  oviduet  secretion  fell, 
reaching  a  plateau  at  about  one-third  the  i)recastration  level  within  24- 
124  hours  (mean  67  hours).  The  secretion  rate  of  the  castrate  increased  follow¬ 
ing  estrogen  administration.  This  effect  was  obtained  with  doses  as  low  as  O.o/ng. 

By  continuous  dail3'  administration  of  estrogen,  the  oviduct  secretion  rate 
could  be  incn>ased  to  ijrecastration  levels.  Control  injections  of  sesame  oil  faih'd 
to  produce  a  change.  In  tlie  intact  animal,  a  single  injection  of  3  mg.  of  er\'stal- 
line  progesterone  in  0.1  ml.  of  sesame  oil  was  followed  bj’  a  decrease  in  secretion 
rate  which  was  most  pronouncc'd  on  the  second  posttreatment  tlaj-.  The  oviduct 
secretion  rate  was  uniformlj-  depressed  in  the  estrogen  primed  castrate  (2  Mg.  of 
estradiol  ITjSdaih’)  In- administration  of  1  mg.  of  progesterone  in  1  ml.  of  .ses¬ 
ame  oil  twice  daily  for  three  daj-s.  The  rate  became  lowest  on  the  third  day  of 
treatment,  (’astrates  receiving  a  similar  <losage  schedule  of  progesterone  in  the 
absence  of  estrogen  failed  to  exhibit  a  decrease.  The  data  presented  justif.v  the 
conclusion  that  the  rate  of  secretion  in  the  rabbit  oviduet  is  under  endocrine 
control. 

HORMOXE  regulated  alteration.s  in  the  secretory  cells  of  the  oviduct 
have  been  observed  in  several  species.  Changes  during  the  incii- 
.strual  cycle  of  man  were  emphasized  in  192S  by  Xovak  and  Everett  (1). 
They  described  a  heightening  of  the  epithelium  in  the  “interval”  phase 
of  the  cycle.  Premenstrually  the  ciliated  cells  became  lower,  and  the 
.secretory  cells  projected  beyond  them.  More  recently,  Fredricsson  (2), 
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isins  histochemical  tecliiii(iue.s,  found  secretory  development  to  he  most 
narked  in  the  midluteal  phase  of  the  cycle,  with  some  increase  in  intralumi- 
lal  secretions  at  ovulation.  The  alterations  in  the  appearance  of  the  secre- 
;»ry  cells  of  the  rabbit  oviduct  have  been  studied  with  the  electron  micro¬ 
cope  by  Borell,  et  al.  (3).  Typical  secretory  cells  were  not  ol)served  in  the 
astrate,  but  some  cells  containing  solitary  secretory  granules  were  visible. 
ii  anestrus,  the  secretory  cells  were  flush  with  the  ciliated  cells  and  con- 
lined  only  a  few  granules.  During  estrus,  the  secretory  cells  bulged  into 
le  tubal  lumen  and  contained  dense  granules.  These  cellular  modifications 
iggest  that  the  secretory  process  in  the  oviduct  is  under  endocrine  con- 
t  rol, 

.\ttention  was  focused  on  the  oviduct  secretions  themselves  in  1891  by 
'  oskressenski  (4).  He  observed  an  accumulation  of  fluid  in  the  rabbit  ovi- 
(iiict  following  ligation  at  the  uterotul)al  junction  and  the  fimbriated  ex- 
1  romity.  The  fluid  contained  between  the  ligatures  was  sufficient  to  distend 
the  oviduct.  D.  W.  Bishop  (o)  has  measured  the  rate  of  fluid  accumulation 
ill  rabbit  oviducts  ligated  at  each  end.  Fluid  production  was  slower  in  the 
(astrate  and  in  the  pregnant  animal  than  in  the  estrous  .subject.  U.sing  a 
nianometric  technitiue  in  anesthetized  rabbits,  Bishop  (0)  demonstrated 
that  the  oviduct  fluid  was  secreted  against  a  pressure  gradient.  Secretion 
l)ressure  ro.se  following  administration  of  pilocarpine.  He  concluded  that 
tlie  fluid  represented  an  active  secretion  and  not  a  transudate.  Zachariae 
(7),  using  autoradiography,  demonstrated  an  active  deposition  of  S'*"  into 
tlie  rabbit  oviduct  lumen  in  the  form  of  acid  sulphuric  mucopolysac¬ 
charide.  He  compared  the  secretory  proce.ss  of  the  oviduct  to  that  of  other 
nmcopolysaccharide  producing  glands.  Clreenwald  (8)  has  shown  that  the 
secretion  of  mucin  by  the  rabbit  oviduct  can  be  modified  by  exogenous 
hormones.  Estrogen  reduced  deposition  of  mucin  into  the  oviduct  lumen; 
progesterone  increased  it. 

Tlie  present  study  was  de.signed  to  evaluate  the  influence  of  proges¬ 
terone,  castration,  and  post  cast  rat  ion  estrogen  and/or  progesterone  on  the 
oviduct  secretion  rate  in  unanesthetized  rabbits.  A  system  for  prolonged, 
volumetric  collection  of  oviduct  secretions  was  employed.  A  detailed  de¬ 
scription  of  the  collecting  sy.stem,  the  principles  underlying  its  u.se  and  pre- 
liininarvexperienceswith  it  have  been  pre.sented  in  an  earlier  publication  (9). 

MATERL\LS  AND  METHOD 

I’o  collect  oviduct  fluid  and  measure  its  secretion  rate,  a  volumetric  collecting  system 
w;is  applied  to  Xew  Zealand  White  rabbits  weighing  3-.5  Kg.  The  abdomen  was  enteri'd, 
and  an  oviduct  was  ligated  and  transected  at  the  uterotubal  junction.  A  silastic  (T.  M. 
lb  g.  Dow  Corning  Corp.)  cannula,  connected  to  a  calibrated  collecting  chamlx'r  was  led 
tl  rough  a  lateral  abdominal  stab  wound.  The  collecting  chamber  was  secured  to  the  ex- 
ti  iial  body  wall  in  a  midlateral  position.  'I'he  tip  of  the  cannula  was  secured  just  within 
t!  tubal  ostium  with  a  fine  silk  suture.  The  collecting  apparatus  consisted  of  a  sili- 
cciiized  glass  lumen  imbedded  in  clear  plastic.  The  lumen  was  fashioned  in  a  zig-zag  pat- 
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torn  and  oalibratofl  at  0.01  ml.  incromonts.  It  was  vontod  to  the  atmosplioro.  .V  sootion  of 
India  rnl)l)or  tubing,  l(»(  atod  botwoon  tbo  >;lass  Ininon  and  tbo  <‘annula,  porinittod  with¬ 
drawal  of  aooninnlatod  fluid  l>y  noodlo  aspiration.  Th(“  positntn  (tf  tbo  collootinn  Inmon 
rolativo  to  tbo  oviduot  rosnltod  in  oollootion  of  fluid  at  a  minimal  prossiiro  fjradiout.  Snob 
a  oollootinji;  system  usually  romainod  funotional  over  many  days,  pormitting  ovaluation 
of  tbo  (‘fToot  of  obanninf!;  bormonal  oonditions  on  tbo  oviduot  soorotion  rate  in  a  ^ivon 
subjoot. 

Tbo  rabbits  wore  bousod  in  separate  oagos  and  roooivo<l  a  diet  of  Purina  obow  nd 
libitum. 

RESVLTS 

The  Effect  of  Castration  on  Ovidnet  Secretion  Rate.  After  a  steady  .secre¬ 
tion  rate  had  heeii  ol)served  for  several  days,  bilateral  ovariectomy  was 
carried  out  in  19  animals.  The  collecting  system  continued  to  function 
post  operatively  in  Eh  In  each,  the  secretion  rate  decreased  following  cas¬ 
tration,  leveling  off  at  a  lower  plateau  within  25-124  hours  (mean  (54 
hours).  The  .secretion  rate  remained  steady  at  the  new  plateau  for  4  to  5 
days.  Thereafter,  a  very  gradual  recession  in  rate  was  observed.  The  pre¬ 
castration  .secretion  rate  for  the  group  averaged  0.06  ml.  hr.  (median  0.0(i 
ml.  hr.).  The  mean  and  median  post  cast  rat  ion  rates,  after  the  initial  de¬ 
crease,  were  0.02  ml.  hr. 

The  Estrogen  Treated  Castrate.  lAvelve  animals  which  were  castrated 
while  the  .secretion  rate  was  under  observation  were  treated  subsequently 
with  single  .subcutaneous  injections  of  e.stradiol  17/3.  Doses  ranging  be¬ 
tween  0.5  and  S  /ug.  were  employed.  One-tenth  ml.  of  sesame  oil  was  the 
vehicle  throughout. 

Four  animals  received  8  /ug.  of  estradiol  17/3  7  to  9  days  after  castration 
(Fig.  1).  In  each,  the  secretion  rate  increased,  reaching  a  maximun  within 
24  to  48  hours  (mean  hours)  after  treatment.  The  mean  precastration 
rate  for  the  group  was  0.0()  ml.  hr.  The  post  cast  rat  ion  plateau  averaged 
0.02  ml.,  hr.  The  mean  maximal  respon.se  to  8  /ug.  of  estradiol  17/8  wa.'; 
0.05  ml.  hr.  The  secretion  rate  remained  unchanged  following  control  in¬ 
jections  of  .se.sarne  oil. 

One  animal  which  was  observed  for  55  days  after  castration  received 
periodic  injections  of  estradiol  17/3  in  doses  ranging  from  0.5  to  8.0  /ug. 
(Fig.  2).  Each  was  followed  by  a  temporary  increa.se  in  the  secretion  rate. 
.\t  first  glance  there  appeared  to  be  a  diminishing  re.sponse  to  decrea.sing 
amounts  of  estrogen.  This  was  paralleled,  however,  by  a  gradual  decreas** 
in  the  ba.seline  rate  between  each  injection. 

In  the  group,  6  animals  received  8  /ug.,  five  4  /ug.,  three  2  /ug.,  one  1  /ug  , 
and  two  0.5  /ug.  of  estradiol  17/8.  After  each  injection  there  was  an  increas  e 
in  the  secretion  rate  followed  by  a  return  to  a  level  at  or  slightly  below  th  * 
preinjection,  “castrate”  level.  The  percentage  rise  above  the  pretreatmei  t 
level  was  essentially  the  same  for  various  dosage  levels.  The  mean  max  - 
mum  increa.se  after  8  /ug.  in  6  animals  was  260%  ±S. I).  29.5.  Among  > 
animals  treated  with  4  /ug.,  it  was  255%  +S.D.  32.  Among  6  animals  n  - 
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Fig.  2.  Oviduct  sccri'tioii  rate  (ml.  hr.)  of  an  animal  which  received  periodic  injec¬ 
tions  of  estradiol  17/3  in  diminishing  amounts  following  castration. 


The  Progesterone  Treated  Intact  Animal.  Nine  rabbits  witli  fiUK*tioiiin}>: 
collepting  systems  received  li  mg;,  of  cry.stalline  progesterone  in  0.1  ml.  of 
se.same  oil  subcutaneously.  Twenty-four  hour  .secretion  rates  were  calcu¬ 
lated  for  each  (Table  2).  The  .secretion  rate  fell  following  treatment.  The 
rate  was  lowest  on  the  second  post  treatment  da.v  and  increased  thereafter. 
The  decrease  on  the  .second  day  following  treatment  was  statistically  sig- 


Tabi.k  1.  OvinrcT  skcketion  rates  (ml./24  hr.)  amo.no  m\e  castrates,  before 

AM)  nCRINii  TREAT.MENT  WITH  DAILY  SCBCI  TANEOCS  IN'.IECTIO.NS 
OF  4  fid.  OF  ESTRADIOL  17fl/0.1  ML.  OF  SESA.ME  OIL 


24  hr. 
periods 

1 

2 

3 

4 

5 

4  Mg-  <)1 

0 

f  estradiol 
1 

7 

1 7d  daily 

8 

0 

.\niinal 

No. 

1 

0.28 

0.20 

0.30 

0.72 

1 .03 

1  .08 

1  .00 

1  .03 

1  .20 

2 

0.20 

0.27 

0.30 

0.08 

1 . 10 

1  .32 

1  .40 

1  .43 

1  .28 

3 

0.18 

0.20 

0.17 

0.35 

0.04 

1 .10 

1  .35 

1  .20 

0.04 

4 

0.00 

0..50 

0.51 

0 . 05 

1 .22 

1  .51 

1  .53 

1  .42 

1  .40 

5 

0.42 

0.40 

0.30 

0.45 

0.84 

1  .80 

1 .80 

1  .87 

1  .80 

(> 

0.37 

0.32 

0.23 

0.44 

0 . 53 

0.05 

0.80 

1  .00 

1  . 18 

7 

0.40 

0.27 

0.21 

0.44 

0.88 

1  .22 

1  .20 

1  .45 

1  .45 

8 

0.32 

0.30 

0.32 

0.30 

0.02 

1  .44 

1  .04 

2.15 

2.00 

0 

0.03 

0.08 

0.41 

0 . 57 

1  .24 

1  .53 

1  . 50 

1  .83 

2.02 

.Mean 

0.30 

0.30 

0.32 

0.52 

0.07 

1  .30 

1  .42 

1  .57 

1  .40 

For  P=U.()5,  the  just  significant  difference  between  two  means  is  0.10. 
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Fig.  3.  Oviduct  secretion  rate  (ml.  hr.)  following  castration  and  dailj’  postcas¬ 
tration  administration  of  5  /ng.  of  estradiol  benzoate  s.c.  for  six  days. 


iiifioaiit  by  analy.si.s  of  variance  (P  =  0.0r)).  At  necrop.sy,  the  ovaries  were 
inspected,  and  corpora  lutea  were  not  found. 

The  Progesterone  Treated  Castrate,  hdeven  castrates  were  observed  until 
the  .secretion  rate  was  maintained  at  a  post  cast  rat  ion  plateau  for  sev'eral 
(lays.  Progesterone,  1  mg.  in  1  ml.  of  sesame  oil,  was  then  administered 
twice  daily  for  three  consecutive  days.  In  7  animals,  the  collecting  system 
remained  functional  during  treatment  and  for  at  least  4  days  subsequent  to 
treatment.  The  secretion  rate  remained  essentially  unchanged  (Table  3). 

TaBI.K  2.  OviDI CT  .SKCKKTION  K.ATES  (mI,./24  HR.)  AMONO  NINE  INTACT  RABBITS 
TREATED  WITH  A  SINOI.E  SIBIHTANEOIS  INJECTION  OK  3  MO.  OF  CRYSTAI.I.I  N  E 
CROOESTERONE/O.  1  Ml..  OF  sesame  on.  IN  THE  EIOIITH  24  HOCR  CERIOI) 


hr. 

ixrirxls 

1 

3 

4 

5 

6 

7 

8* 

9 

10 

11 

12 

13 

14 

i  iiial  No. 

1 

1..38 

1.41 

1..50 

1.51 

1.45 

1..36 

1.31 

1.34 

1.20 

0.08 

1.36 

1.52 

1.72 

1.62 

2 

2.00 

2.88 

2.80 

2.72 

2 . 50 

2.36 

2.45 

2.48 

1.76 

1.43 

1.43 

2.94 

2.36 

2.35 

3 

1.30 

1.2<» 

1.24 

1.24 

1.36 

1.10 

1.24 

1.42 

1.12 

1.14 

1.58 

1 .60 

1.68 

1  67 

4 

1.27 

1.20 

1.15 

1.20 

1..30 

1.26 

1.17 

1.14 

1.11 

0.08 

1.12 

1  99. 

1.11 

lit 

5 

1..58 

1.30 

1.28 

1.46 

1.26 

1.24 

1.28 

1.52 

1.50 

1.54 

1.64 

1.76 

2.00 

1.76 

6 

1.13 

1.11 

1.08 

1.10 

1.03 

1.23 

0.88 

1.12 

1.12 

0.00 

0.01 

0.04 

1.08 

1.16 

7 

0.‘»2 

0.06 

1.07 

1.28 

1.26 

1.12 

1.11 

0.06 

0.80 

0.60 

0.76 

0.66 

0.61 

0.66 

8 

0.77 

0.70 

0.80 

0.02 

0.02 

0.82 

0.72 

0.47 

0.34 

0.34 

0.61 

9.79 

0.07 

0.07 

1.01 

1.08 

1.08 

1.16 

0.05 

1.03 

o.mi 

0.04 

0.80 

1.27 

1.28 

1.11 

1.30 

1.23 

lean 

1.27 

1..37 

1.34 

1.40 

1.35 

1.20 

1.28 

1.26 

1.12 

1 .04 

1.10 

1.31 

1  44 

1 .40 

3  ing.  proRcstoronp. 

or  P  =0.05,  the  just  signifieant  difference  between  two  means  is  0.21. 
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Tablk  3.  Daily  skchetion  vnu  mes  (ml./24  hr.)  ok  seven  ca.strates, 

BEFORE,  Dl  RIMi,  AM)  AFTER  TREATMENT  WITH  1  MO.  OF  CRYSTALLINE 
FROOESTERONE/l  ML.  OF  SESAME  OIL  TWICE  DAILY 


Proj{(‘stcroiu‘  in  castrates 


24  hr. 

1 

3 

4 

Progesterone 

4  .1 

Ux 

0 

7 

8 

0 

10 

.'tiiimal 

Xo. 

1 

.42 

.30 

.3.1 

.31 

.20 

.24 

.23 

.22 

.27 

.42 

2 

.30 

.40 

.40 

.40 

.33 

.3.1 

.31 

.27 

.32 

.  20 

3 

.  10 

.23 

.22 

.  14 

.10 

.  10 

.00 

.01 

.  l.i 

.  12 

4 

.0.1 

.71 

.0.1 

.()7 

.()7 

.82 

1 .13 

1 .08 

.t)7 

1  . 10 

5 

.30 

.42 

.  51 

.40 

.48 

.47 

.00 

1  .70 

1.10 

.01 

0 

.5<) 

.  51 

..51 

.41 

.3.1 

.41 

.30 

.27 

.2.1 

.31 

7 

.72 

.80 

..i0 

.83 

.()7 

.4() 

.42 

.2.1 

.21 

.21 

Mc-an 

.47 

.48 

.45 

.47 

.41 

.41 

.38 

.  oo 

.48 

.40 

For  P 

=  0.0.1,  the 

just  significant  clitTerenee 

between  two 

iiu*:i!is  is 

0.27. 

Analysis  of  variance  failed  to  disclose  a  statistical  difference  in  the  24-lionr 
secretion  rates  during  the  period  of  observation. 

The  Progesterone  Treated  Estrogen  Primed  Castrate.  Six  castrates  were 
primed  with  daily  subcutaneous  injections  of  4  /xg.  of  estradiol  17/3.  After 
the  secretion  rate  had  displayed  the  maximun  response  to  estrogen,  3  mg. 
of  crystalline  progesterone  in  0.1  ml.  of  .sesame  oil  were  administered  daily 
for  1  to  4  days.  In  each,  the  secretion  rate  decreased  following  treatment. 
Response  to  a  given  dosage  schedule  was  quantitatively  variable,  however. 
One  rabbit,  primed  with  <S  )ug.  of  estradiol  17/3  daily,  failed  to  exhibit  a  dc- 
crea.se  in  the  secretion  rate  after  three  consecutive  daily  injections  of  3  mg. 
of  crystalline  progesterone  in  0.1  ml.  of  .sesame  oil.  It  was  thought  that  the 
variability  in  respon.se  to  progesterone  might  be  related  in  part  to  lack  of 
uniformity  of  absorption.  The  amount  of  vehicle  was  therefore  increa.sed. 

Table  4.  Daily  sec  retion  von  mes  (.ml./24  hr.)  amono  five  castrates  crimed 

WITH  2  fid.  OF  ESTRADIOL  \7 (i  DAILY  AND  TREATED  WITH  1  MCi.  OF  CRYSTALI.INE 
CROCiESTERONE/ 1  .ML.  OF  SESAME  OIL  TWICE  DAILY  FOR  THREE  DAYS 


Kst. 

Kst. 

list. 

list. 

and 

Prog. 

Kst. 

and 

Prog. 

list. 

and 

Prog. 

Kst. 

Kst. 

Kst. 

list 

24  hr. 
ju'riocl 

1 

2 

3 

4 

5 

0 

7 

8 

0 

10 

.\ninial 

Xo. 

1 

2.10 

1  .00 

2. 51 

2.20 

1  .77 

1  .47 

1  ..50 

1  .02 

2.0.5 

2.3 

2 

0.00 

1  .01 

1.11 

1  .00 

0.81 

0.73 

0.70 

0.80 

0.08 

1  . 1 

3 

1  .20 

1  .7.5 

1  .24 

1  .40 

1  .00 

0.00 

0.01 

1  .02 

1 .12 

1.1 

4 

1  .72 

1 .77 

1  .70 

1  .70 

1  .20 

1  .24 

1  .24 

1  .48 

1  .20 

1  .0 

5 

0.88 

1  .27 

1  .53 

1  .40 

1  .21 

0.0.5 

1  .07 

1  .30 

1 .40 

1  .0 

Mean 

1 .40 

1  .54 

1  .02 

1  .  .5(') 

1  .22 

1  .07 

1.11 

1  .33 

1  .37 

1  .5 

For  1’ =0.0.1,  the  just  siuiiificiiHcc*  ciiffc'rcMiee  hc'tweeii  two  means  is  0.14. 
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Five  castrates  were  primed  witli  2  /xg.  of  estradiol  17(3  daily  beginning  on 
le  second  or  third  postoperative  days.  On  the  sixth  day  of  estrogen  treat- 
lent  1  mg.  of  crystalline  progesterone  in  1  ml.  of  sesame  oil  was  ad- 
dnistered  twice  daily  for  three  consecutive  days.  The  secretion  rate  de- 
eased  reaching  its  lowest  level  on  the  third  day  of  treatment  (Table  4). 
he  decrease  was  evident  on  the  first  (hu'  of  treatment.  The  continued  fall 
.  1  the  second  and  third  days  was  statistically  significant  by  analysis  of 
'  iriance  (P  =  0.0o). 

DISCUSSION 

V  system  for  prolonged  volumetric  collection  of  oviduct  secretions  has 
j.iovided  evidence  that  the  secretion  rate  of  the  rabbit  oviduct  is  under 
hormonal  control.  Following  ovariectomy  the  secretion  rate  fell  to  about 
one-third  of  the  precastration  rate.  Thus,  two-thirds  of  the  secretion 
\(>lume  appeared  to  be  dependent  on  the  ovary.  A  decreased  secretion  rate 
following  castration  would  be  expected  from  the  morphological  changes  in 
the  secretory  cells  described  by  Borell  et  al.  (4).  In  their  study,  secretory 
granules  were  scarce  in  the  oviduct  of  the  castrate.  The  pos.sil)ility  remains 
that  a  portion  of  the  fluid  obtained  from  the  oviduct  after  castration  was  a 
transudate. 

.Vfter  castration  the  secretion  rate  continued  to  decrease  over  a  period 
which  averaged  (>7  hours.  This  time  lag  was  consistent  with  the  gradual 
disappearance  of  endogenous  estrogen.  Thereafter,  the  secretion  rate  was 
steady  for  .several  days,  being  maintained  at  a  lower  plateau.  Later  the 
rale  began  to  diminish  very  slowly,  as  a  result  of  gradual  atrophy  of  the 
oviduct. 

Following  ca.stration,  the  secretion  rate  could  be  brought  to  precastra¬ 
tion  levels  by  administration  of  estrogen.  The  prompt  re.sponse  to  estrogen 
would  indicate  that  the  decreased  production  of  secretions  after  castration 
(lid  not  result  from  surgical  trauma  to  the  oviduct.  As  little  as  0.5  (ug.  of 
estradiol  17(3  was  sufficient  to  cau.se  an  increased  fluid  production.  The 
sensitivity  of  the  reproductive  tract  to  smaller  doses  of  estrogen  than  are 
usually  employed  has  been  pointed  out  by  Noyes  et  al.  (10).  They  produced 
a  jihysiological  equilibrium  re.sembling  estrus  by  daily  administration  of  1 
(ug.  of  estradiol  benzoate. 

Progesterone  administered  in  the  presence  of  estrogen  was  as.sociated 
with  a  decrease  in  the  secretion  rate.  This  effect  was  demonstrated  in  the 
intact  animal.  Because  the  status  of  the  ovaries  at  the  time  of  treatment 
could  not  be  a.s.se.ssed,  the  progesterone  experiments  were  extended  to  the 
ca  'rate.  Progesterone  failed  to  affect  the  oviduct  secretion  rate  of  the 
ca-  'rate.  In  the  estrogen  primed  castrate,  consi.stent  results  were  obtained 
wl  n  the  amount  of  the  vehicle  (se.same  oil)  was  increased  to  1  ml. /mg.  of 
pr  cesterone.  The  .secretion  rate  decreased  during  and  after  treatment  with 
pr  gesterone  (1  mg.  of  crystalline  progesterone  in  1  ml.  of  .sesame  oil  twice 
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daily  for  three  days)  in  animals  primed  with  2  ng.  of  estradiol  17|d  daily 
The  importance  of  vehicular  volume  has  been  stressed  by  \\'u  and  Allei 
(11).  These  workers  succeeded  in  maintaining  pregnancy  in  ovariecto 
mized  rabbits  witli  1  mg.  of  progesterone  in  1  cc.  of  sesame  oil  twice  daily 
Previous  efforts  to  maintain  pregnancy  using  a  similar  progesterone  dos( 
but  smaller  amounts  of  vehicle  were  not  uniformly  successful. 

Tlje  effect  of  progesterone  on  oviduct  secretion  rate  would  account  foi 
the  ol)servation  of  D.  \V.  Bishop,  who  reported  decreased  fluid  accumula¬ 
tion  in  oviducts  of  pregnant  rabbits  after  ligation  at  both  ends  (.5).  The  un¬ 
likely  possibility  that  the  progesterone  effect  was  mediated  through  tin* 
anterior  pituitary  gland  has  not  been  excluded. 
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MTUITARY  0('ULAR  GRAFT  FUNCTION  IN  THE  RAT, 
WITH  A  (XUMPARISON  OF  THE  (QUALITATIVE  NATURE 
OF  TSH  FROM  NORMAL  PITl  ITARIES 
AND  (K'ULAR  GRAFTS^ 

KAPL  M.  KNIGGE 

of  Anafoniji,  rriiversitij  of  Cincinnati,  School  of  Medicine,  Cincinnati,  Ohio 
ABSTRAC'T 

Aftor  transplantation  to  tlie  anterior  eye  ehaniber  of  hypophysectoinizcMl  or 
intact  male  hosts,  inmnatal  rat  pituitary  glands  (‘xhibitetl  evidence  of  TSH  se¬ 
cretion  only.  Pars  intermedia  had  no  efifeet  on  adenohypojjhyseal  function  amt 
was  without  detectable  eflfeet  when  grafted  alone.  TSH  concentration  of  ocular 
grafts  was  similar  to  that  of  normal  glands;  unlike  normal  glands,  however,  it 
was  not  depicted  by  PTU  feeding  and  did  not  rebound  to  sui)ranormal  levels 
after  PTU  withdrawal. 

Hyi)oi)hyseetomized  test  animals  were  injected  with  TSH  from  ocular  grafts 
and  that  from  normal  glands  over  a  range  of  2-dOO  mu./diiy.  TSH  from  both 
sources  produced  (pialitatively  and  cpiantitatixady  similar  effects  on  thyroid 
weight  and  T/S  ratio.  The  results  are  discussed  with  respect  to  neural  control  f»f 
TSH  and  the  hypothesis  of  sei)arate  growth  and  metabolic  TSH  j)rincii)les. 

INTERFPjHENChj  with  the  normal  anatomical  relationships  between 
the  pituitary  sland  ami  the  central  nervous  system  results  in  a  (lisal)il- 
ity  on  the  part  of  the  adenohypophy.sis  in  .supplying  increa.sed  amounts  of 
thyrotropin  (TSH)  under  a  variety  of  conditions  which  normally  evoke 
pituitary  thyroid  respon.ses  (goitrogen  feeding,  hemithyroidectomy,  cold 
exposure).  In  animals  with  certain  hypothalamic  le.sions  (1-d)  or  with 
pituitary  glands  transplanted  to  the  anterior  chamber  of  the  eye  (4,  5) 
thyroid  weight  may  be  reduced  to  levels  fround  in  hypophy.sectomized 
animals  while  radio-iodine  uptake  and  T;S  ratio  are  maintained  at  high 
levels;  such  animals  respond  to  goitrogens  or  partial  thyroidectomy  (ti) 
with  only  increased  radio-iodine  metabolism.  From  this  apparent  dichot¬ 
omy  in  thjToid  response  has  developed  an  hypothesis  of  two  separate 
TSH  factors  with  the  growth  factor  requiring  intact  hypothalamo-pitui- 
tary  connections  (2).  A  major  emphasis  of  the  work  directed  against  this 
liypothe.sis  has  been  to  demonstrate  that  the  T/S  ratio  (7-11)  and  radio- ^ 
iodine  uptake  (12)  respond  more  sensitively  to  thyrotropin  than  does 
tl'vroid  weight.  Accepting  this  evidence,  it  is  concluded  that  in  lesioned 
n  ts  or  those  with  ocular  grafts,  ba.sal  .secretion  of  TSH  or  tlie  augmenta- 
ti  »n  of  TSH  .secretion  in  response  to  propylthiouracil  (PTU)  is  subnormal 
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and  of  such  magnitude  that  only  radio-iodine  metabolism  is  influenced, 
llecent  work  of  D’Angelo  (Id),  demonstrating  that  the  pituitary  TSII  con¬ 
centration  and  serum  TSll  levels  are  subnormal  in  lesioned  animals,  sup¬ 
ports  this  interpretation,  lividence  of  increased  sensitivity  of  radio-iodine 
versus  thyroid  weight  would  appear  to  satisfy  the  argument  against  two 
TSll  factors  according  to  the  original  thesis  of  (Ireer,  namely,  that  .'<ecre- 
tion  of  growth  TSII  is  entirely  dependent  upon  hypothalamic  regulation 
while  metabolic  TSII  is  regulated  only  at  the  pituitary  level.  However,  it 
would  only  be  necessary  to  hypothesize  that  two  TSII  factors  do  exi.st  and 
tha^  l)oth  are  dependent  upon  hypothalamic  influence  with  the  growth 
factor  being  relatively  more  dependent:  destructive  hypothalamic  lesions 
or  transplantation  of  the  pituitary  would  then  interfere  completely  with 
growth  TSII  and  permit  only  limited  secretion  of  a  metabolic  component. 
The  absence  of  thyroid  weight  change  in  respon.se  toPTU  could  then  not  be 
explained  only  by  relative  sensitivity  of  the.se  two  parameters  of  gland 
function.  Experiments  to  demonstrate  the  greater  .sensitivity  of  the  T  S 
ratio  or  I-1.‘H  uptake  to  endogenous  TSII  by  using  PTU  blockade  and 
graded  do.ses  of  thyroxine  (12)  do  not  conclusively  argue  against  two  TSII 
factors  .since  it  could  be  further  postulated  that  the  secretion  of  growth 
factor  is  more  easily  inhil)ited  by  thyroxine. 

The  present  experiments  are  designed  to  inve.stigate  the  (jualitative 
nature  of  the  TSII  .synthe.sized  in  pituitary  glands  located  in  their  normal 
anatomical  site  and  in  those  removed  from  hypothalamic  influence  by 
transplantation  to  the  anterior  ocular  chamber.  If  a  central  nervous  sys¬ 
tem  influence  is  neces.sary  for  formation  and  .secretion  of  the  growth  com¬ 
ponent  of  a  TSII  complex,  then  TSII  from  glands  removed  from  central 
nervous  .system  influence  should  exhibit  qualitative  and  quantitative  ef¬ 
fects  different  from  that  .synthe.sized  in  normally  situated  glands.  If  no 
difference  exi.sts,  TSII  of  ocular  graft  pituitaries  and  that  of  normal  glands 
should  produce  .similar  metabolic  and  growth  effects  when  tested  at 
etpiivalent  doses. 


MATERIALS  AND  METHODS 

Pituitary  tissue  used  for  oeular  transplantation  was  of  two  sourees:  a)  autografts  in 
in  whieh  the  hyp(»physis  was  removed  by  standard  hypophyseetomy  teehnique  exeept 
that  iee-eold  saline  was  used  to  aspirate  the  gland  from  the  sella  tureiea;  one  lobe  of  tin 
adenohyj)ophysis  was  then  weighed  and  transplanted  to  the  anterior  eye  chamber;  bi 
one  to  two-day  old  neonatal  Spraguc-Dawley  rats  were  deeapitated,  their  pituitary 
glands  removed  and  transplanted  to  the  anterior  chamber  of  either  intact  or  hypo{)hy 
seetomized  Sprague-Dawley  hosts.  Sacrificing  neonatal  rats  with  either  chloroform  oi 
ether  was  found  to  have  a  deleterious  effect  upon  the  viability  of  the  pituitary  and  it^ 
ability  to  “take”  after  transplantation.  .\n  initial  study  was  made  of  the  histological  re 
sponse  of  the  graft,  animals  being  saerificed,  2,  5,  13  and  30-45  days  after  implantatior 
In  the  remainder  of  the  experiments,  grafts  were  allowed  to  grow  for  .30  to  100  days  witi 
the  animals  maintained  on  Purina  ehow.  Hypophyseetomized  animals  were  supporter 
with  2.5%  glucose  drinking  water  for  the  first  five  days.  PTU  was  a«lministered  ii 


iduuari/,  HfGI 


(K'l'LAK  (iRAFT  TSH 


io:i 

lowdcrod  Puriiiii  cliow  at  a  (‘onccntration  of  0.2%.  Thyroidal  1-131  uptake  \va.'<  im-as- 
ired  24  hours  after  intraix'ritoiieal  adnunistratiou  of  10  /ze  of  earner  fna*  1-1.31 .  the  neck 
ud  hind  limh  regions  being  counted  with  a  flat  scintillation  ery.stal.  'I'he  neek-ininus  h'g 
ounts  e.\press(‘d  as  per  cent  of  the  administered  dose  represents  thyroid  uptake.  In  tho.se 
\periinents  where  1-131  uptake  and  3'  S  ratio  were  both  nnaisured,  uptake  was  deter- 
■ined  12-lS  days  before  autopsy.  At  autojjsy,  thyroid  glands  were  weighed,  one  lobe 
.l  ing  used  for  determination  of  the  3'  S  ratio  (14),  the  other  lobe  either  fl.\ed  in  Houin’s 
ilution  for  histological  study  or  used  for  determination  of  1-127  content  (1.3).  Idie 
■  tter  method  was  used  also  for  PR  I  measununents. 

Ocular  grafts  used  for  histological  purposes  were  prepared  by  fixation  of  the  ocular 
obe  in  Rouin’s  fluid  after  removal  of  its  j)osterior  half  leaving  the  lens  in  place.  3'wenty- 
lur  hours  after  fi.xation  the  lens  was  generally  removed  easily  without  disturbance  to  the 
';s  or  pituitary  graft.  Serial  sections  were  cut  in  a  frontal  j)lane  at  .3-7  n  and  stained 
V  ith  aldehyde  fuchsin  and  the  modified  (long)  Masson  trichrome  procedure.  Ocular 
-rafts  used  for  3'SH  analyses  were  obtained  by  first  cutting  along  the  corneal-scleral 
j  inction  and  removing  cornea,  iris  and  adherent  graft,  ruder  suitably  high  magnifica¬ 
tion  the  easily  recognizable  pituitary  tissue  was  separated  from  the  iris,  weighed,  ])ooled, 
homogenized  in  0.2.3%  acid  saline  and  frozen.  Pituitary  glands  from  the  sellae  were 
treated  in  a  similar  fashion  exeeijt  that  pars  intermedia  and  pars  nervosa  were  separated 
by  blunt  dissection  and  discarded.  Estimation  of  3'SH  activity  of  the  ocular  graft,  and 
jiituitary  glands  was  done  by  testing  aliquots  according  to  the  chick  P-32  uptake  method 
of  Greenspan,  et  al.  (16)  and  the  1-131  release  method  of  Gilliland  and  Strudwick  (17). 
(Quantitative  and  qualitative  comparison  of  3'SH  from  ocular  grafts  and  intact  pituitary 
glands  was  performed  by  subcutaneous  injection  of  graded  doses  of  3'SH  preparations 
over  a  range  of  2  to  300  milliunits  per  day  for  five  days  to  100  gram,  hypophysectomized 
male  rats  beginning  one  day  after  hypophyseetomy.  Five  recipient  animals  were  used  per 
group  in  all  cases  excejit  the  group  receiving  300  milliunits  of  ocular  graft  3'SH  in  which 
groiq)  4  animals  were  used.  \i  sacrifice,  thyroid  weights  and  3',  S  ratios  were  determined 
and  one  lobi*  fixed  in  Rouin’s  solution  for  histological  study.  Ocular  grafts  and  j)ituitaries 
of  43.3  adult  male  hosts  were  used  for  this  aspect  of  the  study. 

C'orticotroi)ic  activity  of  pituitary  ocular  grafts  was  assessed  by  measuriunent  of 
adrenal  weight  and  jdasma  free  corticoids  in  hyi)ophysectomized  hosts;  rats  were  de- 
capitated  and  2  ml.  aliipiots  of  jdasma  used  for  corticoid  determinations  according  to 
Guillemin  ct  al.  (18). 

RESULTS 

(irou'th  of  (he  ocular  graft.  Initial  experiments  indicated  that  transplanta¬ 
tion  of  neonatal  pituitary  glands  rather  than  autografts  or  adult  homo¬ 
grafts  resulted  generally  in  a  more  consistent  number  of  succe.s.sful  pituitary 
"takes”  exhibiting  functional  activity.  For  this  reason,  growth  and  histo¬ 
logical  appearance  of  the  neonatal  pituitary  graft  was  studied  in  more  de- 
l  iil.  Within  12  hours  after  bloodless  transplantation  the  gro.ss  appearance 
of  the  pituitary  gland  was  altered  markedly,  its  normal  pale  pink  color 
being  replaced  by  a  deep  red  or  black  necrotic  patch  on  the  iris.  The  histo- 
h'gical  appearance  of  the  graft  at  two  days  was  marked  by  considerable 
(  llular  necrosis  of  the  adenohypophyseal  implant  and  a  very  conspicuous 
I'-oliferative  respon.se  of  the  capillary  and  connective  tissue  elements  of  the 
i'!s.  Among  the  clusters  of  .surviving  adenohypophyseal  (*ells  acidophiles 

're  recognized  but  basophiles  or  any  aldehyde  fuchsin  po.sitive  cells  could 
1  »t  be  identified.  The  uveal  connective  tissue  response  reached  its  maxi- 


mum  at  o  to  6  days  (Fig.  1);  parencliymal  cells  of  the  graft  present  at  this 
time  Avere  uniformly  small,  spherical  with  quite  distinct  cell  boundaries  and 
were  organized  in  clusters  of  o-G  cells  and  short  cords  separated  by  rela¬ 
tively  wide  zones  of  connective  tissue  containing  an  abundant  capillary 
plexus.  Xo  chromophiles  were  present.  .\lt hough  planimetric  studies  were 
not  performed,  it  is  estimated  that  less  than  20%  of  the  original  graft  tissue 
.survived.  After  13  days  of  growth  there  had  occurred  striking  hyperplasia 
of  the  .surviving  pituitary  tissue.  Thickened  anastomosing  cords  of  cells 
were  present  with  a  corresponding  decrease  in  relative  amount  of  con- 


Fig.  1.  Xoonatal  pituitar\'  ocular  graft  .t  days  after  transplantation.  C'ornoa  at  left, 
'riie  cluster  of  adonohyi)oi)liyspal  tissue  contains  numerous  pycnotic  cells  and  rei)re- 
sents  ai)proximately  one-fifth  of  the  original  implant.  The  normally  delicate  iris  (1o\v<m 
right  corner)  has  jjroliferated  markedly,  invading  the  graft  with  a  rich  capillary  plexus. 
Masson  and  aldehyde  fuchsin.  XI  2.5. 

Fig.  2.  Neonatal  pituitary  ocular  graft  40  days  of  age.  CJrowth  of  the  surviving  i)itui- 
tary  tissue  results  in  a  graft  approximately  twice  the  size  of  the  original  implant,  with 
cords  of  cells  and  sinusoids  organized  as  in  normal  glands.  XI 25. 


ucctive  ti.s.siie.  By  30-45  days  parenchymal  cells  were  pre.sent  in  organized 
cords  with  surrounding  .sinusoids  similar  to  the  organization  in  normal 
adenohypophyseal  ti.s.sue  (Fig.  2).  Limited  amounts  of  connective  tissue 
existed  throughout  the  graft,  while  greater  amounts  formed  a  capsule  a' 
the  periphery  of  the  graft  and  at  .sites  of  attachment  to  iris  or  cornec. 
When  stained  with  aldehyde  fuchsin — Mas.son,  the  majority  of  graft  celL 
were  revealed  as  small  to  medium  .sized  chromophobes.  Significant  amount ' 
of  acidophilic  granulation  were  not  seen  in  any  cells,  regardle.ss  of  age  c 
the  graft.  Basophiles  ranging  in  size  from  9-15  ju  in  diameter  were  recoj;- 
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ized  because  of  their  notable  amounts  of  green  floccular  cytoplasm;  no 
Idehyde  fuchsin  positive  basophiles  were  observed  (Fig.  3).  In  three 
ifferent  grafts  a  differential  count  (500  cells  per  graft)  indicated  a  relative 
umber  of  basophiles  of  approximately  0.4%. 

Cells  of  the  pars  intermedia  exhibited  extensive  mitotic  activity  and 
yperpla.'^ia  when  transplanted  to  the  anterior  eye  chamber.  Except  for 
i)undant  numbers  of  mitotic  figures,  cells  of  grafted  pars  intermedia  were 
ot  notably  different  histologically  from  those  of  normal  glands.  Pars 
j  ervosa  was  generally  the  site  of  extensive  phagocytic  activity,  the  neural 
<  ements  being  replaced  completely  by  dense  connective  tissue.  Occasion- 
a.ly  a  distinctive  mass  of  epithelioid  cells  was  present.  (Irowth  of  the 
I  ular  graft  was  additionally  documented  by  estimating  weight  of  the 
]  ituitary  at  the  time  of  tran.splantation  and  weight  of  the  graft  bO  days 
later.  The  mean  weight  of  18S  pituitary  glands  of  1-2  day  old  donor  ani- 
nials  was  0.57  ±0.02  mg.  Two  glands  (mean  weight  1.14  mg.)  were  im¬ 
planted  in  one  eye  of  each  host  animal.  The  mean  weight  of  84  ocular 
grafts  after  00  days  of  growth  was  2.78+0.24  mg.  Autografts  did  not  ex¬ 
hibit  a  similar  growth  response.  In  hixp.  IV  (Table  1),  the  mean  weight  of 
15  pituitary  lobes  was  3.80  ±0.42  mg.;  after  50  days  of  growth,  mean 
ocular  graft  weight  was  2.41  ±0.38  mg. 

Function  of  the  ocular  graft.  Table  1  summarizes  four  experiments  in 
which  relative  effects  of  autografts  and  neonatal  pituitary  glands  on  sev¬ 
eral  parameters  of  thyroid  function  were  examined.  Using  neonatal  donor 
tis.sue,  the  incidence  of  successful  “takes”  was  greater  than  00%  with  each 
graft  exhibiting  evidence  of  functional  activity  with  re.spect  to  TSH  secre¬ 
tion.  Autografts,  in  contrast,  exhibited  a  le.sser  degree  of  succe.ssful  “takes” 
(70-75%);  furthermore,  in  7  of  18  (Exp.  II)  and  31  of  45  (Exp.  IV)  grafted 
animals,  evidence  of  functional  activity  (TSH  secretion)  was  ab.sent  in 
spite  of  histologically  identified  graft  tis.sue  similar  in  all  respects  to  active 
tissue.  No  explanation  is  available  for  this  high  percentage  of  autografts 
which  were  fimctionally  inactive.  The  functional  capacity  of  varying 
amounts  of  graft  tis.sue  as  well  as  the  role  of  pars  intermedia  in  adenohypo- 
physeal  function  was  .studied.  After  00  days  of  growth,  ocular  graft  tis.sue 
derived  from  five  original  neonatal  implants  per  eye  in  14  animals  was  not 
more  active  than  two  original  neonatal  glands  (10  animals),  T/S  ratios 
being  34  ±5  and  38  ±4  respectively.  Weight  of  the  ocular  graft  derived 
from  the  five  neonatal  implants  was  2.05  ±0.38  mg.,  compared  with  2.78 

0.24  mg.  for  grafts  derived  from  2  glands.  After  separation  of  the  pars 
distalis  from  the  pars  intermedia-pars  nervosa  component  of  neonatal 
glands,  these  pieces  were  implanted  separately.  Ocular  grafts  compo.sed  of 
l  -irs  distalis  onlj'  were  as  effective  as  whole  glands  as  judged  by  their 
'  feet  on  T/S  ratio,  1-131  uptake  and  FBI.  Pars  interrnetlia-pars  nervo.sa 
'  eveloped  into  an  abundant  graft  which  exhibited  no  detectable  effect  in 
1  ypophysectomized  host  animals. 


Fig.  .‘F  riinhcr  magnification  of  the  ocular  ftraft  of  Fi>>:.  2.;  nK“(Iiuin-.sizc(I,  lightly 
stained  hasoidiiles  arc  indicatcal  witli  pointers.  Achlophilcs  or  aldehyde  fuchsin  positive 
basophih's  are  absent.  X375. 

Fig.  4-0.  Thyroid  glands  of  normal,  In'poidiy.sc'ctomized  and  hy])ophysectomized 
animals  bearing  neonatal  pituitar\-  ocular  grafts  resiicctively.  Functional  activity  in  the 
thyroids  of  grafted  animals  is  indicated  by  partial  restoration  of  follicular  cell  height 
and  absorption  vacuoles  in  the  colloid.  Masson  stain.  XI 2"). 
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Functional  activity  of  both  autografts  and  neonatal  grafts  was  restricted 
to  the  secretion  of  TSH.  Hj  pophysectomized  host  animals  did  not  exhibit 
consistent  and  significant  increase  in  body  weight ;  except  for  Exp.  1 
(Table  1),  no  gonadotropic  or  corticotropic  activity  was  present  as  judged 
In'  testicular  or  adrenal  weight.  Peripheral  free  corticosteroids  in  lb 
grafted  animals  of  Exp.  Ill  (Table  1)  was  5.8  ±0.b  /xg-  100  ml.  as  compared 
to  5.4  ±0.4  mK-  100  ml.  in  9  hypophysectomized  controls.  Thyroid  weight 
of  the  host  animals  was  not  consistently  maintained  at  a  significant  in¬ 
crease  above  the  hypophysectomy  level.  Histologically,  however,  follicular 
cell  height  and  activity  were  notably  influenced  (Fig.  4-b).  Follicular  cell 
height  in  normal,  hypophysectomized,  and  hypophysectomized-grafted 
animals  was  12. b  ±0.0,  3.0  ±0.1  and  8.3±0.b  n  respectively.  A  consistent 
tendency  toward  a  greater  thyroidal  1-127  concentration  was  noted  in  the 


TaBI.K  2.  InFI.I  ENfK  «»K  I'Tl  ON  THYROID  RESPONSES  IN  INTACT  AND  IIYPOPIIY- 
SECTO.MIZEI)  HOSTS  WITH  NEONATAI.  PITITTARY  ORAKTS 


Hody  w( 

•igHt,  n- 

Thyroid  kIrihI 

(Iroiii) 

No. 

1-127, 

Mg. /1 00  ing. 

1.  F. 

\Vt.,  mg. 

T/S 

lntact-(iraft 

o 

2(Hi+4 

331  ±  8 

;  1.5.1  +1.0 

.51. .5  +1.0 

4.5  +  7 

Intact-Craft-PTr 

8 

211  ±4 

327  ±10 

03.4  ±.5.2 

0..58±0.12 

240  ±12 

Hvp. 

a 

21()+.5 

200+  0 

10.0+0.0 

.52.0  +8.0 

.5+  0.4 

Hyp.-PTl' 

11 

l'.»7  ±5  ; 

210  ±  8 

11  .0±0.7 

00. .5  ±.5.0 

0±  0.3 

Hvp.-Graft 

1.5 

208+4 

204  ±  .5 

10.1  ±1  .0 

1  3.5.0  +2. .5 

30  ±  3 

Hyp.-Craft-PTl* 

18 

201  ±0 

210  ±  8 

12.7±0.8 

!  30.7  ±4.1 

13.5  ±  10 

Hyj).  =  Hyixiphysectomized.  Values  rejiresent  Mean  ±  Standard  Deviation. 


majority  of  experiments.  Twenty-four  hour  1-131  uptake  was  returned  to 
21,  38  and  5b%  of  normal  in  three  separate  experiments;  T  S  ratio  was  in¬ 
creased  to  an  average  of  78%  of  normal  (range,  52-94%)  in  six  different 
experiments,  h'unctional  activity  of  the  thyroid  was  reflected  furthermore 
in  a  significant  elevation  of  the  PBI  level  to  approximatly  75%  of  normal 
which  was  surprisingly  high  in  view  of  the  fact  that  the  ocular  graft  did  not 
apparently  secrete  enough  TSH  to  effect  any  weight  maintenance  of  the 
thyroid. 

In  intact  animals  a  regimen  of  dietary  PTU  evoked  a  pituitary  TSll 
secretion  which  (juadrupled  thyroid  weight,  depleted  thyroidal  1-127  and 
produced  a  six-fold  increase  in  T  S  ratio  (Table  2).  These  changes  were  ac¬ 
companied  by  marked  increase  in  thyroid  follicular  cell  height,  decrease  in 
colloid  and  distortion  of  normal  follicle  shape.  These  parameters  of  thyroid 
function  were  completely  unresponsive  to  PTU  in  hypophy.sectomized 
animals.  Hypophysectomized  rats  bearing  neonatal  pituitary  ocular  grafts 
responded  to  PTU  without  significant  influence  upon  thyroid  weight,  hi.s- 
tology  or  1-127  content;  T  8  ratio,  however,  exhibited  a  three  to  four-fold 
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increase  (Table  2).  Alterations  in  the  rate  of  synthesis  of  pituitary  TSH  as 
evoked  by  PTU  was  furtlier  reflected  l)y  the  content  of  thyrotropin  stored 
in  tlie  pituitary  gland.  Normal  rat  adenohypophyses  contained  Id.  I 
mu. /mg.  (Table  d) ;  after  dO  days  of  PTU,  the  concentration  of  TSH  fell  to 
d.o  mu.  mg.  If  PIT'  was  withdrawn  from  the  diet  a  rebound  phenomenon 
occurred,  involving  an  apparent  decrease  in  release  of  TSH  while  synthesis 
continued.  Ten  days  after  PTU  withdrawal,  TSH  concentration  rose  to 
d7.()  mu.  mg.  Ocular  graft  pituitary  tissue  did  not  exhibit  these  excursions 
in  TSH  concentration  attendant  upon  changes  in  dietary  PTU.  When 
grown  in  either  the  intact  or  hypophysectomized  host,  pituitary  ocular 
grafts  contained  1(5.2  and  11). 1  mu.  mg.  respectively  (Tabled).  Thirty  days 
of  continued  PTU  or  10  days  of  withdrawal  from  PTU  produced  no  sig- 
niflcant  change  in  ocular  graft  TSH  concentration. 


TaHUK  3.  l.NFH  K.VCK  <»!■  PTU  *>S  PITUITAKY  AM)  .\K<).\ATAL  OUULAK  <;KAKT  TSM  I\ 
INTACT  AM)  iiyp()|'hvskct().\iizt:i)  hosts 


Tn*at!ii('i 

ot.  days 

Thyroid  eland 

Pituitary 

Ocular 

praft 

Oroiip 

No. 

With¬ 

drawal 

TSH, 

inn.  III". 

TSII, 
mil.  nip. 

PTU 

Wt..  ms. 

T  S 

Wt.,  me. 

Wt..  nip. 

Inta<'t 

6 

IS. 7  +  2.1 

51+  5 

0.2  ±0.8 

18.4  +  1.2 

Intact 

.■> 

•M) 

67 . 6  ±  .5 . 7 

217  ±18 

Intact 

8 

10 

;i4.8±:i.4 

:$8+  8 

Intact-Oraft 

8 

*  _  ' 

1  _ 

16.0±1.8 

48+  6 

2.81+0.12 

16.1  +  2.0 

Intact-Oraft 

10 

i  61.7±6.2 

200+  12 

10.8  +  0.7 

.  8.5±0.2 

2.28  +  0.11 

25.0+1.7 

Intact-Oraft 

10 

20 

10 

1  22.4+1.8 

44+7 

lf).5±0.7 

87.4  +  2.4 

;  2. 42  ±0.12 

'  17.8±1.4 

Ilyp.-Oraft 

12 

_ 

1 

10.6  +  0.'.t 

87  +  4 

2.51  +  0.08 

10.1+2.0 

Ilyp.-Oraft 

10 

20 

10 

11.2+1.1 

80+  6 

2. 25  ±0.10 

22.8±1.4 

Jlyp.— Ilypophysfctoinizud.  Vahius  ruprcsonl  Moan  ±  Standard  Deviation. 


Conipanitire  cU'ccts  of  pituitorn  ood  ocular  graft  TSH.  Thyrotropin  syn¬ 
thesized  and  stored  in  normal  rat  pituitary  glands  and  that  from  pituitary 
ocular  grafts  were  compared  with  regard  to  their  relative  metabolic  (I-ldl 
metabolism)  and  growth  stimulating  properties.  Neonatal  glands  were  im¬ 
planted  in  intact  hosts  and  allowed  to  grow  for  (50  days.  .Vfter  determina¬ 
tion  of  the  TSH  concentration  in  the  normal  and  grafted  pituitaries,  ecpial 
doses  ranging  from  2  to  dOO  mu.  per  day  were  administered  to  100  gm. 
hypophysectomized  test  animals  for  five  days.  .\  minimum  dose  of  2  mu. 
per  day  of  each  TSH  preparation  produced  detectable  increases  in  T  S 
ratio.  A  straight  log  dose  response  curve  Avas  produced  up  to  1.50  mu.  per 
day  after  which  a  plateau  appeared  to  be  reached  (Fig.  7).  Thyroid  weight 
of  the  test  animals  Avas  not  affected  by  doses  of  TSH  up  to  .'fO  mu.  day;  be- 
tAveen  (50  and  dOO  mu.  day,  TSH  from  normal  glands  and  that  from  ocidar 
grafts  produced  ecpial  and  significant  increases  in  thyroid  Aveight.  Ten  days 
after  AvithdraAval  from  PTU,  TSH  from  pituitary  glands  Avas  tested  at  dO 
and  1.50  mu.  day.  Both  T  S  ratio  and  thyroid  Aveight  Avere  influenced 
ecpially  and  in  a  fashion  similar  to  that  produced  by  TSH  from  pituitaries 
of  animals  not  fed  PTU. 


THYROID  WEIGHT.  MG.  T/S  RATIO 
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Fig.  7.  The  daily  dose  of  T8H  administered  to  5  animals  per  grouj)  for  5  days  is  indi- 
eaU'd  on  tlie  horizontal  axis.  Mean  T  S  ratio  and  thyroid  weight  respon.ses  iirodueed  at 
('aeh  dose  1)\-  the  .several  TSH  prei)arations  are  shown  bj'  vertieal  bars  in  the  upper  and 
lower  sections  of  the  chart  respectively;  standard  deviations  of  the  means  are  shown  at 
the  top  of  each  bar.  Pituitary  TSH  from  animals  10  days  after  withdrawal  from  PTF 
was  tested  at  closes  of  30  and  150  mu. 


DISCUSSION 

Morphological  and  functional  studies  of  ectopic  pituitary  tissue  have 
been  the  object  of  numerous  investigations.  In  .spite  of  the  fact  that  .specific 
experimental  conditions  have  differed  in  the  various  studies,  it  has  been 
quite  consi.stently  observed  that  functional  activity  of  the  pituitary  graft  is 
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sub-minimal  with  respect  to  all  of  the  pituitary  hormones  with  the  possible 
exception  of  luteotropin.  I'ividence  of  TSII  ami  AC^TII  secretion  has  been 
noted  by  most  investigators  (19-22),  gonadotropic  (FSH)  activity  by  some 
(2d-2r))  and  (piestionable  evidence  of  growth  hormone  secretion  by  Fry 
and  Long  (23)  and  (loldberg  and  Knobil  (2o).  In  rats  with  pituitary  glands 
transplanted  to  the  kidney  capsule,  Hertz  (20)  found  significant  growth 
compared  to  hypophysectomized,  non-grafted  controls.  Desclin  (27), 
I'iverett  (28,  29)  and  Xikitovitch- Winer  and  Fverett  (30,  31)  found  that 
pituitary  glands  transplanted  to  the  kidney  capsule  secrete  luteotropin  at  a 
rate  possil)ly  greater  than  glands  in  their  normal  site. 

Cytological  studies  of  pituitary  ocular  grafts  are  in  general  agreement 
that  chromophobic  elements  predominate,  that  acidophiles  are  sparsely 
granulated  if  at  all,  and  that  basophiles  are  frecpiently  present  (2o,  32-34). 
Specific  beta  basophiles  (thyrotrophs)  were  recognized  by  (loldberg  and 
Knobil  (2o)  on  the  basis  of  aldehyde  fuchsin  staining,  and  by  Martini  et  a\. 
(34)  on  the  basis  of  angular  cell  shape.  In  the  present  study,  TSII  concen¬ 
tration  of  ocular  grafts  was  equal  to  that  of  normal  glands;  no  significant 
and  consistent  correlation  was  seen  in  the  histological  appearance  of  the 
basophiles  either  on  the  basis  of  cell  shape  or  staining  characteristics. 
Calculating  total  TSII  content,  ocular  grafts  in  this  .study  contained  40% 
of  that  pre.sent  in  the  normal  gland;  Martini  et  at.  (34)  found  a  total  TSII 
content  o0%  of  normal  in  ocular  grafts  which  were  approximately  equal 
in  volume  to  normal  glands. 

As  noted  by  other  workers  (2o,  34,  35),  pars  intermedia  exerted  no 
specific  influence  upon  adenohypophyseal  function  and  exhibited  pro¬ 
liferative  activity  and  an  apparent  hypertrophy  when  removed  from  neural 
influence  (3,  30).  A  majority  of  workers  have  made  .subjective  estimates  of 
the  amount  of  ocular  graft  ti.ssue  relative  to  the  amount  of  tissue  originally 
implanted  or  to  the  .size  of  the  normal  gland  of  the  particular  species  used. 
These  estimates  have  varied  markedly,  with  the  implanted  tissue  exhibit¬ 
ing  abundant  to  no  growth  at  all,  and  the  definitive  graft  being  corre¬ 
spondingly  much  larger  or  smaller  than  normal  glands.  Results  of  the  pres¬ 
ent  study  give  .some  indication  that  factors  may  exist  which  limit  the 
volume  as  well  as  (or  in  addition  to)  the  .secretory  activity  of  adenohypo- 
phy.seal  ti.ssue  grown  in  the  anterior  eye  chamber.  The  maximum  amount 
of  ocular  graft  tissue  which  grew  in  either  intact  or  hypophy.sectomized 
hosts  from  2-5  neonatal  glands  (initial  weight  of  1-2.5  mg.)  or  from  one 
autograft  (initial  weight  of  3.8  mg.)  was  approximately  2.5  mg.  Failure  of 
greater  amounts  of  graft  tis.sue  to  grow  in  the  anterior  chamber  correlates 
with  the  function  evidence  observed  in  this  study  and  by  (freer  (35)  that 
T8II  secretion  was  not  improved  by  implanting  greater  amounts  of  tissue. 
In  the  mouse,  Sipenstein  and  Greer  (33)  found  that  adenohypophyses  of 
neonatal  pituitary  ocular  grafts  may  attain  a  size  greater  than  normal  in 
ntu  glands  after  14  months  of  growth. 
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Xikitovitch-Winer  and  Everett  (81)  and  Martini  et  al.  (84)  have  sum¬ 
marized  and  added  convincing  evidence  tliat  the  subnormal  secretory 
activity  of  ectopic  pituitary  tissue  is  referable  to  loss  of  hypothalamic  in¬ 
fluence  normally  mediated  via  the  portal  vessels.  Florsheim  and  Knigge 
(87)  have  additionally  shown  that  the  residual  activity  which  is  present  in 
ocular  grafts  is  not  dependent  upon  hypothalamic  influence  reaching  it  via 
the  peripheral  circulation.  In  addition  to  tran.splantation  to  the  anterior 
eye  chamber,  pituitary  stalk  transection  (8S,  89)  and  hypothalamic 
lesions  (40  -48)  may  also  effectively  interfere  with  the  neural  influence  par¬ 
ticipating  in  pituitary-thyroid  .servomechanisms.  In  the  experience  of 
D’Angelo  (18),  pituitary  glands  “i.solated”  from  neural  influence  by  rather 
massive  hypothalamic  lesions  po.ssessed  nevertheless  a  considerable  degree 
of  autonomous  activity  as  evidenced  by  their  ample  TSH  content  and  an 
ability  to  exhibit  supranormal  ‘‘rebound”  after  depletion  by  PTU.  Ocular 
grafts,  in  .spite  of  their  normal  TSH  concentration,  exhibited  no  PTE- 
induced  fluctuations  in  hormone  content.  The  graft-bearing  animal,  how¬ 
ever,  does  respond  to  PTE  with  increased  T/S  ratio,  as  noted  by  Scow 
and  (freer  (o).  Data  of  this  study  show  that  this  respon.se  occurs  without 
significant  depletion  of  thyroidal  iodine  content  and  may  add  additional 
evidence  that  lowered  thyroxine  levels  can  evoke  increased  TSH  secretion 
at  the  pituitary  level.  Von  liuler  and  Holmgren  (44,  4.5),  Vamada  and 
(freer  (4(1)  and  ^’amada  (47,  4S)  have  demonstrated  convincingly  that 
elevated  thyroxine  levels  depress  TSH  .secretion  at  the  pituitary  and/or 
hypothalmic  levels. 

The  principal  objective  of  this  study,  a  (jualitative  compari.son  of  TSH 
from  normal  and  ectopic  pituitary  glands,  was  initiated  to  clarify  the  prob¬ 
lem  of  whether  .separate  growth  and  metabolic  TSH  principles  exist.  The 
original  thesis  of  (freer  (‘2),  outlined  above,  was  subsecpiently  modified  to 
suggest  neural  control  of  both  TSH  factors  (85),  and  more  recently  revised 
in  favor  of  a  single  TSH  principle  (12).  In  the  pre.sent  experiments,  TSH 
from  (a)  normal  glands,  (b)  ocular  grafts,  and  (c)  normal  glands  subjected 
to  fluctuations  in  TSH  concentration  by  PTE  feeding  and  withdrawal 
were  assayed  by  procedures  based  upon  “metabolic”  TSH  activity  (P'^- 
uptake;  1-181  release)  and  compared  in  other  a.ssay  animals  for  their  meta¬ 
bolic  (T  S)  and  thyroid  weight  producing  ability.  It  was  to  be  anticipated 
that  the  several  TSH  preparations  would  exhibit  equivalent  T  S  responses 
at  similar  do.ses;  the  crucial  parameter  was,  therefore,  thyroid  weight. 
When  assayed  in  hypophysectomized  test  animals,  the  several  TSH  prep¬ 
arations  were  (pialitatively  and  quantitative!}’  .similar  with  respect  to 
their  effect  on  iodine  metabolism  and  thyroid  weight.  TSH  from  pituitary 
tissue  of  all  sources  produced  steeper  dose-response  curves  with  T  S  ratio 
than  with  gland  weight.  At  all  dose  levels  te.sted,  TSH  from  each  source 
produced  similar  thyroid  weight  changes.  The  data  indicate  strongly  that 
an  absolute  or  relative  dissociation  of  growth  and  metabolic  TSH  principles 
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is  not  demonstrated  in  the  stored  content  of  TSH  from  pituitary  glands 
separated  from  neural  influence  or  in  normal  glands  subjected  to  fluctua¬ 
tions  in  TSH  concentration  by  PTU  feeding  and  withdrawal,  responses 
which  may  also  require  neural  participation. 
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OF  THF  IMMATURE  RAT* 

JAMES  T.  BRADBURY 
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ABSTRACT 

CTystalliiie  estradiol  or  stillx'strol  was  ai)|)lk'(l  to  one  ovary  of  the  iinina- 
ture  rat  leaving  tlie  other  ovary  untreated.  Tlie  estrof'eii  treated  ovary  ex¬ 
hibited  several  unilaterally  differential  responses:  (1)  a  greater  inerease  in 
weight,  (2)  formation  of  eor])ora  lutea,  (3)  an  inereased  responsivene.«s  to 
endogenous  and  exogenous  gonadotrophins.  In  eontrol  experiments  erystalline 
testosterone  or  i)rogt>sterone  was  a])pli(*d  to  (me  ovary  with,  or  without, 
estradiol  being  placed  on  tin*  otlu'r  ovary.  These  (‘xperiments  demonstrate  that 
estrogen  has  a  local  stimulatory  effect  within  the  ovarj'  as  well  as  a  systemic 
(‘flfect  via  the  pituitary. 

PENCIIARZ  (1)  and  Williams  (2)  found  that  stilhestrol  pellets  im¬ 
planted  into  rats  at  the  time  of  hypophyseetomy  not  only  maintained 
ovarian  weights  hut  also  made  the  ovaries  more  responsive  to  exogenous 
gonadotrophins,  Payne  and  Mellhaum  (R)  demonstrated  that  relatively 
large  doses  of  stilhestrol  (1  mg.  per  day)  caused  more  ovarian  growth  in 
hypophysectomized  rats  than  did  smaller  doses.  Suh.sequently  stilhestrol 
was  utilized  in  hypophysectomized  and  intact  rats  to  augment  the  ovarian 
responses  to  gonadotrophins  (4,  o).  These  findings,  especially  in  hypo¬ 
physectomized  rats,  indicated  that  estrogen  had  a  direct  action  on  the 
ovary.  The  present  report  is  concerned  with  experiments  in  which  estrogen 
was  applied  directly  to  one  ovary.  In  these  experiments  the  local  effects 
of  estrogen  were  evident  in  the  treated  ovary,  whereas  the  systemic  effects 
of  estrogen  were  evident  in  the  opposite  ovary. 

M.VI’EUIALS  AND  METHODS 

Immature  Sjjragiu'-Dawley  rats  2o  to  30  days  of  age  w('n‘  used  in  this  study.  I’lider 
ether  anesthesia  the  abdomen  was  opeiu'd  and  an  ovary  brought  into  view.  The  peri- 
ovarian  bursa  was  strip])ed  away  and  O.o  to  1.0  mg.  of  erystalline  estrogen  was  applied 
to  the  surface  of  the  ovary  with  a  small  spatula.  The  senjsanguinous  fluid  on  the  sur¬ 
face  of  the  ovary  clotted  and  held  the  estrogen  in  contact  with  the  ovary.  The  ovary 
was  then  rei)lac('d  into  the  abdominal  cavity  and  the  abdominal  incision  clos('d  with  cot¬ 
ton  sutures.  These  experiments  were  controlhal  by  using  testosterone  or  progesterone 
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crystals  unilaterally  instead  of  estrogen.  In  other  experiments,  testosterone  or  progester¬ 
one  was  applied  to  one  ovary  and  estradiol  to  the  other,  thus  duplieating  the  faetor  of 
trauma  on  each  side.  The  rats  were  killed  on  the  fifth  postoperative  day.  When  gonado¬ 
trophins  were  employed,  they  were  injected  on  the  2nd,  3rd  and  4th  postoperative  days, 
and  then  the  rats  were  autopsied  on  the  5th  day.  .\t  autopsy  the  ovaries  were  stripped 
free  of  adhesions,  weighed  individually  and  fixed  in  Bouin’s  solution.  Histologic  sections 
were  prepared  for  microscoj)ic  evaluation. 

EXPERIMENTAL 

Unilateral  Ovarian  Response  to  Estrogen 

Ivstradiol  wa.s  applied  to  the  left  ovaries  of  five  rats  on  the  2n(l  day 
after  hypophy.sectomy.  Seven  days  later  the  estrogen-treated  ovaries 
averaged  14.2  mg.  (range  10-17  mg.)  whereas  the  right  ovaries  averaged 
9.4  mg.  (range  9-10  mg.).  Histologically  the  ovaries  were  composed  of 
many  medium-sized  prevesicular  follicles. 

Kstradiol  was  applied  to  the  left  ovaries  of  two  rats  on  the  11th  day 
after  hypophysectomy.  Five  days  later  there  was  no  appreciable  increase 
in  ovarian  weight  (o.S  and  6.0  mg.  vs  8.4  and  0.4  mg.)  but  the  increased 
number  of  growing  follicles  was  typical  of  the  ovarian  respon.se  to  estrogen. 

Unilateral  Ovarian  Responses  to  Endogenous  Gonadotrophin 

Ten  immature  rats  each  had  estradiol  applied  to  one  ovary  and  the  rats 
were  autopsied  five  days  later.  There  were  corpora  lutea  in  six  of  the 
estrogen-treated  ovaries  but  none  in  any  of  the  contralateral  ovaries.  I’lie 
weights  averaged  24  mg.  (range  18  to  40  mg.)  for  the  treated  ovaries  and 
1 1  mg.  (range  10  to  10  mg.)  for  the  control  ovaries.  Three  rats  had  proges¬ 
terone  applied  to  one  ovary  but  no  corpora  lutea  formed  and  the  pro¬ 
gesterone  treated  ovaries  averaged  18.8  mg.  as  compared  to  10  mg.  for 
the  opposite  ones. 

Table  1  shows  the  ovarian  weights  after  application  of  progesterone 
and  or  estrogen  in  a  group  of  12  rats.  Progesterone  had  no  obvious  effect 
on  ovarian  weight  since  the  treated  ovaries  averaged  10.0  mg.  as  compared 
to  10.2  mg.  for  the  control  ovaries.  When  progesterone  was  applied  to  the 
left  ovary  and  estradiol  to  the  right  in  four  rats,  there  were  corpora  lutea 
in  three  of  the  estrogen-treated  ovaries  at  autopsy.  The  progesterone- 
treated  ovaries  averaged  12  mg.  in  weight  as  compared  to  a  21  mg.  average 
for  the  estrogen-treated  ovaries.  After  estrogen  was  applied  to  the  left 
ovaries  of  four  rats,  two  of  the.se  developed  corpora  lutea  (h"ig.  1);  and 
these  treated  ovaries  were  about  twice  as  heavy  (28  mg.)  as  the  opposite 
ones  (12.0  mg.). 


Unilateral  Ovarian  Responses  to  Exogenous  Gonadotrophin 

Three  rats  were  opened  four  days  after  hypophysectomy  and  estradiol 
crystals  were  placed  on  the  left  ovaries.  Two  days  later  these  rats  were 
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p  of  rats  was  30  days  of  a^t'  at  the  time  the  sti'roids  were  ajjplied  to  file  ovaries 
of  age  at  autopsy.  C.L.  denotes  corpora  lutea  in  tlie  ovaries. 


started  on  FSH-  injections  (total  dose  0.4  mg.).  .At  autopsy  the  estrogen- 
treated  ovaries  weiglied  2o,  30  and  oO  mg.  as  compared  to  23,  19  and  34 
mg.  respectively  for  the  opposite  ones.  An  early  corpus  luteum  was  found 
in  one  of  the  estrogen-treated  ovaries,  but  the  general  response  was  the 
typical  follicular  growth  and  a  greater  number  of  follicles  in  the  treated 
ovaries  (Fig.  2). 

Fstradiol  was  applied  to  the  left  ovaries  of  sev^en  rats.  Then  a  total  dose 


Fig.  1 .  Sections  of  ovaries  from  a  rat  with  estradiol  aiiplied  to  tlie  left  ovary.  .Vutojisy 
five  days  later.  The  estradiol-treated  ovary  weighed  24  mg.  as  compared  to  13  mg.  for 
the  opposite  one.  In  this  cross-section  there  are  threi'  corpora  lutea  and  one  cystic  follicle 
with  marginal  luteinization  in  the  estrogen-treated  ovary. 


*  The  FSII  was  furnished  by  the  NIH  Endocrine  Study  Section, 
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Fig.  2.  Soctions  of  ovaries  from  a  rat  that  had  estradiol  applied  to  the  left  ovary  on 
the  fifth  day  after  hyjiophy.seetonu’.  During  the  three  days  prior  to  autopsy  the  rat  had 
received  0.4  mg.  of  FSH.  The  estradiol-treated  ovary  weighed  35  mg.  as  compared  to 
23  mg.  for  the  right  ovary.  The  difference  in  weight  is  apparently  due  to  a  larger  number 
of  vesicular  follicles  in  the  estrogen-treated  ovary. 


Fig.  3.  Sections  of  ovaries  from  a  rat  with  estradiol  on  left  ovary  and  testosterone  on 
right  ovary.  Rat  had  been  given  20  i.u.  HCG  during  the  three  dajs  prior  to  autopsy, 
h'stradiol-treated  ovar\’  weighed  57  mg.  and  testosterone-tr(*ated  ovary  weighed  17 
mg.  In  these  cross-sections  there  are  10  large  cj'stic  follicles  in  the  left  ovary  and  only 
one  in  the  right.  Hypertrophied  interstitium  is  present  in  both  ovaries. 
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of  O.o  ing.  FSII  was  administered  during  the  2nd,  lird  and  4tli  postopera¬ 
tive  days.  At  autopsy  the  estrogen-treated  ovaries  averaged  ()5.7  mg. 
(range  ol  to  K\)  in  contrast  to  d().4  mg.  (range  30  to  04)  for  the  rigid 
ovaries.  Coipora  lutea  were  present  in  o  of  the  estrogen-treated  ovaries 
hut  none  of  tlie  opposite  ovaries  so  the  FSII  treatment  did  not  alter  the 
expected  occurence  of  corpora  lutea.  After  six  unoperated  controls  were 
given  the  same  amount  of  FSII  the  left  ovaries  averaged  47.1  mg.  (range 
30  to  oS)  as  compared  to  39.1  mg.  (range  28  to  42)  for  the  right  ovaries. 
The  right  ovaries  of  the  two  groups  thus  exhibited  comparable  responses. 

Stilbestrol  was  applied  to  the  left  ovaries  of  six  intact  rats  and  two  days 
later  injections  of  chorionic  gonadotrophin  (HC(J)  were  started.  A  total 
dose  of  20  i.u.  in  72  hours  resulted  in  weights  averaging  38  mg.  (range  28 
to  40)  for  the  stilbestrol-treated  ovaries  and  19  mg.  (range  11  to  24)  for 
the  contralateral  ovaries.  The  difference  in  weight  was  due  to  a  larger 
number  of  cystic  follicles  in  the  estrogen-treated  ovaries.  In  the  next  ex¬ 
periment  stilbestrol  (2  rats)  or  estradiol  (3  rats)  was  applied  to  the  left 
ovaries  before  giving  a  total  dose  of  20  i.u,  HCCl.  The  estrogen-treated 
ovaries  averaged  84  mg.  (range  51  to  121)  in  contrast  to  28  mg.  (range 
25  to  50)  for  the  opposite  ones.  Similar  differences  were  obtained  when 
stilbestrol  was  placed  on  one  ovary  and  testosterone  on  the  other  and  then 
injections  of  HCG  were  given  (Fig.  3).  Testosterone-treated  ovaries  did 
not  differ  appreciably  from  untreated  control  ovaries  in  these  experiments. 

DISCUSSION' 

These  experiments  clearly  show  that  estrogen  has  a  direct  local  effect 
on  the  ovary.  In  immature  rats  with  estrogen  applied  to  one  ovary,  the 
formation  of  corpora  lutea  in  that  ovary  indicates  it  has  been  rendered 
more  responsive  to  endogenous  gonadotrophin  than  the  other  ovary.  In 
early  studies  (6,  7)  there  was  evidence  that  after  3  days  of  estrogen  treat¬ 
ment,  the  pituitary  of  the  immature  rat  released  significant  quantities  of 
LII.  In  the  present  experiments  the  systemic  action  of  the  estrogen  prob¬ 
ably  caused  the  pituitary  to  produce  LH  while  the  local  action  of  estrogen 
on  the  ovary  served  to  increase  its  sensitivity  to  LH.  The  absence  of  this 
LH  effect  in  hypophysectomized  rats  treated  with  FSH  was  manifest  in 
the  absence  of  corpora  lutea  even  though  an  enhanced  unilateral  follicular 
response  was  demonstrated. 

The  increased  responsiveness  of  the  treated  ovary  to  HCG  was  of  the 
';ame  magnitude  as  occurred  in  both  ovaries  when  stilbestrol-in-oil  was 
admini.stered  for  two  days  prior  to  starting  the  HCG  injections  (5).  In 
each  instance  the  response  to  HCG  was  the  formation  of  cystic  follicles, 
'Ome  of  which  showed  peripheral  lutenization.  However  the  response  was 
primarily  unilateral  after  estrogen  was  applied  directly  to  one  ovary.  It 
"eems  noteworthy  that  HCG  stimulation  produced  such  atypical  luteiniza- 
tion  that  it  prevented  or  ma.sked  the  formation  of  normal  corpora  lutea 
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that  were  foiuul  in  the  experiments  in  which  FSH  or  even  estrogen  alone 
was  used. 

At  the  time  of  autopsy  there  were  vascular  adhesions  of  periovarian 
tissues  to  the  surface  of  the  estrogen-treated  ovaries.  These  adhesions  were 
friable  and  were  easily  stripped  away,  so  the  observed  differences  in  ovarian 
weights  were  not  unduly  altered  by  adherent  tissue.  Unabsorbed  cry.stal- 
line  steroid  was  still  vi.sible  on  the  surface  of  the  ovary  and  in  the  adhe¬ 
sions,  .so  probably  local  concentration  was  high  and  absorption  was  still 
active  at  the  time  of  autopsy.  Estrogen  crystals  produced  more  vascular 
adhe.sions  than  either  progesterone  or  te.stosterone.  The  significance  of  the 
adhe.sions  and  the  vascularity  is  unknown  but  the  qualitative  and  quanti¬ 
tative  changes  in  the  ovary  were  so  .similar  to  those  occurring  after  large 
systemic  doses  of  stilbestrol  (5,  8)  that  it  .seems  the  major  effects  described 
here  are  due  to  alterations  in  ovarian  follicular  sensitivity. 
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EFFECT  OF  SODIUM  DEFICIENCT  ON  SECRETION  OF 
HORMONES  BY  THE  RAT  ADRENAL  (X)RTEX‘ 

ALBEHT  B.  EISENSTEIN  a\d  INOE  STHACK 

Jewish  Hospital  of  St.  Louis  and  the  Departments  of  .Medicine  and  Preventive 
Medicine,  Washington  University  School  of  Medicine,  St.  Louis,  Missouri 

ABSTRACT 

Previous  studies  liave  sliown  that  when  adrenals  of  sodium  deficient  rats  are 
incubated  in  vitro  there  is  increased  production  of  aldosterone  but  reduced 
secretion  of  other  A4,3-ketosteroid  hormones  including  corticosterone.  Other 
investigators  have  demonstrated  increased  aldosterone  secretion  after  sodium 
restriction  but  reduced  production  of  other  hormones  has  not  been  descrilxal. 

For  this  reason,  the  effect  of  salt  depletion  on  adrenocortical  hormone  secretion 
of  the  rat  was  reinvestigated  bj-  inducing  sodium  deficiency  in  animals  and 
measuring  hormone  content  of  adrenal  vein  plasma.  The  results  demonstrate 
that  in  salt-depleted  rats  the  plasma  level  of  corticosterone  and  the  rate  of 
.secretion  of  this  hormone  are  decreased.  There  is  also  a  reduction  in  plasma  con¬ 
centration  of  A4,3-ketosteroids  which  is  probably  a  result  of  the  markt'd  decline 
in  corticosterone  production.  The  fact  that  corticosterone  secretion  of  sodium 
depleted  rats  is  diminished  whereas  similar  changes  have  not  Ix'cn  oljservcd 
in  other  animals  indicates  that  the  response  of  tlie  rat  adrenal  to  sodium  restric¬ 
tion  is  different  from  that  of  most  other  species. 

PREVIOUS  inv’e.stisation  reported  from  this  laboratory  has  demon¬ 
strated  that  sodium  deficiency  in  rats  results  in  reduced  secretion  of 
adrenal  steroids  containing  a  A4, 8-ketone  structure  (1).  Although  total 
production  of  adrenocortical  hormones  with  this  configuration  was  dimin¬ 
ished,  chromatographic  separation  of  individual  steroids  demonstrated 
increased  secretion  of  aldo.sterone.  The  decline  in  total  hormone  produc¬ 
tion  was  accounted  for  by  a  marked  decrease  in  synthesis  and  release  of 
corticosterone,  the  major  adrenal  steroid  in  the  rat  (2).  In  the  previous 
study,  adrenals  of  sodium  deficient  rats  were  incubated  with  ACTH  in 
vitro  and  steroids  secreted  into  the  medium  were  quantitatively  deter¬ 
mined.  Other  investigations  of  adrenal  cortical  function  in  sodium  de¬ 
pleted  animals  using  in  vivo  technics  have  demonstrated  increased  aldo¬ 
sterone  production  but  decreased  secretion  of  corticosterone  or  other  ster¬ 
oids  has  not  been  found  (8,  4,  5).  Since  the  reduced  secretion  of  adrenal  ster¬ 
oids  observed  in  our  experiments  occurred  in  vitro  and  has  not  been  con¬ 
firmed,  the  effect  of  salt  depletion  on  adrenocortical  function  of  rats  was 
reinvestigated  u.sing  in  vivo  technics.  The  results  demonstrate  that  in  salt- 
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deprived  rats  pro<luction  of  A4,d-ketosteroids,  iiieludiiifi  eorticosterone,  is 
reduced. 


METHODS 

Male  Holtznian  rats  weighing  60-70  grams  were  fed  a  s\nthetie,  sodium-deficient 
diet  (6)  and  given  distilled  water  to  drink.  A  similar  group  of  rats  was  pair-fed  the  same 
diet  to  which  salt  was  added.  On  direct  anal3sis,  the  defichmt  diet  contained  19.3  meq. 
of  sodium/  kg.,  whereas  sodium  content  of  control  food  was  293  meq./kg.  Average  dailj' 
food  consumption  per  rat  during  the  experiment  was  13.1  grams.  Animals  were  housed 
individuallj-  in  metabolism  cages  and  once  each  week  18  hour  urine  collections  for  de¬ 
termination  of  sodium  content  were  done  on  six  rats  from  each  group.  During  the  final 
week,  hematocrits  as  well  as  serum  sodium  and  potassium  concentrations  were  deter¬ 
mined  on  tail  blood  from  each  rat.  Beginning  on  daj’  51  and  continuing  for  three  addi¬ 
tional  daj-s,  cannulas  were  introduced  into  the  left  renal  veins  of  three  rats  from  each 
group  and  adrenal  vein  blood  obtained  according  to  the  method  described  b\-  Longwell 
(7).  In  each  instance  blood  was  collected  as  long  as  flow  rate  remained  stead}-  and  the 
collection  period  was  carefullj-  timed.  Plasma  was  separated  from  cells  bj-  centrifugation 
and  stored  at  —20°  C  until  hormone  anah  ses  were  carried  out.  When  collection  of  blood 
was  complete,  rats  were  sacrificed  and  adrenals  removed,  dissected  free  of  fat  and 
weighed. 

Total  content  of  A4,3-ketosteroid  hormones  in  adrenal  vein  jdasma  was  determined 
using  the  isonicotinic  acid  hvdrazide  method  (8).  Corticosterone  concentration  was 
measured  using  the  fluorometric  procedure  of  Silber  (9). 

RESULTS 

Hat.s  fed  the  sodium  deficient  diet  gained  weiglit  more  .slowly  than  did 
pair-fed  controls  .so  that,  at  the  end  of  the  experiment,  mean  hody  weight 
of  the  depleted  group  was  about  2o  per  cent  less  than  that  of  the  control 
group  (Table  1).  Hven  though  body  weight  of  deficient  animals  was  re¬ 
duced,  mean  adrenal  weight  of  these  rats  was  greater  than  that  of  controls 
although  the  difference  was  not  marked  (Tal)le  1).  When  adrenal  weight 
is  expres.sed  in  relation  to  body  weight,  it  is  evident  that  hypertrophy  of 
the  gland  occurred  in  the  sodium  depleted  rats  (Table  1).  The  difference 
in  adrenal  weight-body  weight  ratios  of  the  two  groups  is  significant, 
P=  <0.001. 

In  deficient  animals  there  was  a  decrease  in  serum  sodium  concentra¬ 
tion  and  an  increase  in  .serum  potassium  and  blood  hematocrit  when  com¬ 
pared  to  controls.  Mean  serum  sodium  and  hematocrit  values  for  the  two 


Table  1 


Body  weiftlit 
(grains) 

Left  adrenal  weight  | 

1  Serum  ' 

Soriim  1 

Urine  j 

Hematocrit 

{9c) 

1  (niR.)  ! 

|_  1 

(iiiR.  KKtO 
body  wt.)  1 

sodium  1 

(meq. ,  liter) 

potassium 
(meq.  liter) 

1  .sodium 
(meq.  liter)  | 

S<xiium  Deficient 
Rats  (12)* 

172.4±4.7 

'  1 

25.0  +  0.94 

14.6±0.62 

138.0±0.46 

6.9  +  0.17 

0.41  ±0.05  i 

50.510.48 

Pair-ftni  C'<intn>ls 
(12)* 

2.39. 4±3. 8 

1  22.5±0.78 

9.4±0.24 

^  143.910.61 

5.810.06 

15.93±1.52 

;  44. 510. ,36 

*  Number  of  animals. 

Body  Weights,  .\drenal  Weights,  Hematocrits  and  5^rum  and  I'rine  Electrolyb'S  of  Deficient  and  Control  Uats. 
(Mean  values! standard  error  of  mean.) 
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Plasma  flow 
(ml.  hour) 

Cortieo8t(Tone 
secretion 
(*>  ml.  plasma) 

A4.*Fketo8teroid 
swHTetion 
(t  ml.  plasma) 

Corticosterone 
8t*cretion  rate 
(*)  hr.  1(X)  mg.  left 
adrenal  weight) 

A4.3-ketosteroid 
secretion  rate 
(-y  hr.  KKI  mg.  left 
adrenal  weight) 

Sodium  Dcfioieiit 
Rats  (!•)♦ 

5.6.5+ 1.28 

8.46±  1 .61 

14.80  +  1.76 

180.4+17.4 

815.7  +  70.6 

Pair-Fud  Hats 
(ID* 

5.86+1.24 

I6.:i2±  1  .:i5 

21.57  +  1.  .50 

852.2  +  60.7 

478.4100.5 

*  NumlxT  of  d(‘t<‘riiuiiations. 

Adrenal  Stenad  llonnom*  Secretion  of  StKliiim  Detu'ient  and  Pair-Ked  ('ontrol  Rats.  ( Mean  values  ±  standard  error 
of  the  mean.) 


{Jiioups  were  significantly  ditTerent,  P=  <0.001,  while  the  ditTerence  in 
sernin  potassium  levels  was  significant,  P=  <0.01.  Throughout  the  ex¬ 
periment  the  urinary  sodium  excretion  of  deficient  rats  was  very  low  and 
far  le.ss  than  that  of  rats  fed  the  diet  containing  salt  (Table  1). 

Concentration  of  corticosterone  in  adrenal  vein  plasma  of  salt-depleted 
rats  was  approximately  half  that  of  control  animals  (Table  2).  \\’hen  corti¬ 
costerone  secretion  is  expressed  as  (piantity  of  hormone  produced,  hour,  100 
mg.  adrenal  weight,  the  difference  is  even  greater.  Differences  in  plasma 
concentration  and  rate  of  corticosterone  secretion  of  the  two  groups  are 
statistically  significant,  P=  <0.01.  Plasma  concentration  of  A4,;i-keto- 
steroids  was  less  in  deficient  than  in  control  rats  (Table  2)  and  the  differ¬ 
ence  is  statistically  .significant,  P=  <0.01.  When  production  of  these  hor¬ 
mones  is  considei’ed  on  the  basis  of  (piantity  of  steroids  .secreted  hour,  100 
mg,  adrenal  weight,  there  is  a  similar  difference:  however,  this  difference 
is  not  .significant. 

DISCUSSION 

In  a  previous  investigation  it  was  demonstrated  that  sodium  depletion 
in  rats  resulted  in  increased  aldosterone  secretion  but  reduced  production 
of  corticosterone  and  other  .steriods  (1).  Although  aldosterone  .synthesis 
was  enhanced  by  salt  restriction,  the  decline  in  .secretion  of  other  steroids 
was  so  great  that  total  production  of  A4,.‘l-ketosteroid  hormones  was 
decrea.sed.  Other  investigators  have  also  found  increased  secretion  of  aldo¬ 
sterone  after  sodium  restriction  but  have  not  observed  changes  in  produc¬ 
tion  of  other  adrenal  steroids  (3,  4,  o).  Because  of  this,  it  was  thought 
that  our  findings  might  be  explained  by  the  fact  that  adrenal  secretion 
in  our  experiments  was  studied  under  in  vitro  conditions.  To  determine 
whether  this  explanation  was  valid,  hormone  analyses  in  the  current  studies 
were  carried  out  on  adrenal  vein  plasma  of  sodium  deficient  and  control 
rats.  The  results  again  demonstrate  that  .secretion  of  corticosterone  is 
diminished  and  suggest  that  total  production  of  A4,3-ketosteroids  may 
dso  be  reduced.  The  finding  that  the  decline  in  cortico.sterone  secretion 
s  greater  than  that  of  A4,3-ketosteroid  production  is  probably  accounted 
"or  by  the  increase  in  aldosterone  synthesis  which  occurs  in  sodium  de- 
icient  animals  since  aldo.sterone  is  detected  by  the  procedure  used  for 
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determination  of  A4,d-ketosteroids  hut  not  hy  the  method  for  meat-iuring 
corticosterone. 

Since  in  tlie  salt-depleted  rat  there  is  reduced  secretion  of  corticosterone 
as  well  as  increased  synthesis  of  aldosterone,  one  wonders  why  the  only 
change  in  hormone  production  of  sodium  deficient  animals  observed  hy 
others  has  been  an  increase  in  aldosterone  secretion.  There  appear  to  he 
two  possible  explanations;  first,  it  may  he  that  sodium  deprivation  was 
unusually  .severe  in  our  investigations.  The  fact  that  .salt  re.striction  was 
of  greater  duration  in  our  experiment  than  in  other  studies  (3,  4,  5)  gives 
support  to  this  suggestion.  The  decline  in  serum  sodium  as  well  as  the  ex¬ 
tremely  small  amount  of  sodium  exreted  in  the  urine  of  deficient  rats  in 
this  experiment  attest  to  the  .severity  of  .salt  depletion.  In  the  experiments 
of  Singer  and  Stack-Dunne  (3),  no  change  in  .secretion  of  corticosterone 
was  oh.served  in  sodium  deficient  rats  even  though  aldosterone  produc¬ 
tion  was  greatly  increased.  It  was  noted  hy  the  authors,  however,  that 
.salt  depletion  was  not  marked  and  their  data  show  only  a  slight  decrease 
of  .serum  sodium  in  their  animals.  Secondly,  it  may  he  that  the  rat  adrenal 
response  to  .sodium  deprivation  is  different  from  that  of  other  animals. 
That  this  may  he  true  is  suggested  hy  the  work  of  Rosnagle  and  Farrell 
(4),  who  induced  sodium  deficiency  in  dogs  and  found  an  increa.se  in  adrenal 
vein  aldosterone  l)ut  noted  no  change  in  hydrocortisone  secretion.  Like¬ 
wise,  no  alteration  in  production  of  hormones  other  than  aldosterone  has 
been  oh.served  to  lesult  from  .salt  restriction  in  man  (o).  Thus,  the  response 
of  the  rat  adrenal  to  rigid  sodium  restriction  appears  to  he  different  from 
that  of  man  and  the  dog  and,  perhaps,  from  other  .species  as  well.  The 
finding  that  the  rat  adrenal  responds  to  salt  depletion  in  a  manner  differ¬ 
ent  from  that  of  other  animals  is  not  unexpected  since  it  is  well  known  that 
normally  the  rat  adrenal  .secretes  mainly  corticosterone  whereas  in  most 
other  species  corti.sol  is  the  major  adrenal  .steroid  (2). 
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THI0A('P:TAMIDE,  an  anti-thyroid  (X)MP()UNIT 
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AHSTKA(’T 

Thioacotainidc  luis  Ijih'Ii  found  to  inhiljit  the  i(»dination  of  tyrosyl  groups 
in  tile  thyroid  of  the  rat.  Its  rapid  inetaholisin  jirevents  it  from  tieing  a.  goitro- 
g(>n. 

IN  ASSAY IN(j  a  number  of  compouiuls  for  anti-thyroid  activity,  A.st- 
wood  (1)  noted  that  thioacetamide  (CH.VCS  NH2)  was  not  gjoitro- 
genic.  Although  it  lacks  tlie  thiourylene  grouping  ( — NH-CS  NH — ),  it 
does  contain  a  thiocarbamide  moiety,  lienee  one  might  expect  it  to  possess 
anti-thyroitl  activity.  It  is  the  purpose  of  this  study  to  demonstrate  that 
thioacetamide  is  an  effective,  but  short  lived  anti-thyroid  compound,  and 
that  its  rapid  metabolism  precludes  it  from  lieing  a  goitrogen. 

EXPERIMENTAL 

Materials:  S’^-thioaeidainide  was  olitaiiu'd  from  the  New  England  Nuelear  Corporation, 
riie  speeifie  activity  was  30  millicuries  millimole.  The  ehromatographieally  jiure  eom- 
Iiound  was  dissolved  in  distilled  water  and  stored  at  —20°  under  nitrogen.  Radioactive 
iodide  essentially  carrier  free,  was  ohtaimal  from  the  .\tomic  Energy  Commission 

at  Oak  Ridge,  Tmine.ssee. 

Xon-radioactive  thioacetamide  and  thiourea  were  dissolvial  in  distilled  water. 
Thiouracil  was  dissolved  in  dilute  potassium  hydroxide,  final  pH  S.O-S.o. 

\nti-Thyroid  As,say:  An  assay  for  the  anti-thyroid  activity  of  various  compounds  has 
heen  devised  which  takes  cognizance  of  two  facts:  1.  that  the  iodination  of  tyrosjl 
groups  in  the  thyroid  of  the  rat  occurs  rapidly  (2),  and  2.  that  the  anti-thyroid  com¬ 
pounds  reach  their  site  of  action  in  the  thyroid  within  minutes  of  their  intraperitoneal 
administration  to  rats  (3). 

The  compound  to  be  tested  is  administered  intraperitoneally  to  the  animal.  Within 
five  minutes,  5  to  10  microcuries  of  carrier  free  radioactive  iodide  (I*’*)  is  similarly  ad¬ 
ministered.  Fifteen  minutes  later,  the  animal  is  killed  by  exsanguination.  The  thyroid 
IS  rapidly  removed,  cli'ani'd,  weighed  (wet  weight)  on  a  Roller  Smith  Torsion  balance, 
end  is  homogenizc'd  in  chilled  distilled  water.  .\n  aliquot  of  the  homogenate  is  placed 
rn  Whatman  #1  chromatography  paper  which  is  run  in  an  ascending  solvent  system  of 

Received  June  27,  1900. 

'  This  is  publication  Xo.  73  of  the  (Jraduate  I)ei)artment  of  Biochemistry,  Brandeis 
I'niversity,  Waltham,  Massachusetts.  This  work  was  aided  by  grants  from  the  Xational 
Institutes  of  Health  (3274  P.E.T.)  and  the  Xational  Science  Foundation  (G  .o.nOl). 


120 


MALOOF  AND  SOODAK 


Volume  6S 


n-l)utanol-frK)Xim(‘-2X  ammonia  (4:1  :5).  C'arrior  iodide  is  also  applied  to  tlie  pap(‘r  and 
is  identified  by  sprayinjt  witli  palladium  ehloride.  Two  radioaetive  spots  are  resolved, 
one  of  whieh  remains  at  the  origin  and  is  presumed  to  be  protein-bound  iodine  (PHI'’*) 
ami  an  inornanie  iodide  (I'®')  spot.  The  strlj)  of  paper  is  cut  in  sections  which  are  counted 
for  radioactivity  in  a  well  tyjre  scintillation  counter.  The  percentagi'  of  PHI'’*  as  a  pro- 
imrtion  of  the  total  P’*  in  the  thyroid  is  thus  determined. 

S^^-thionretnmide 

.Male  Sprague-Dawley  rats  weittl'iiiK  90  to  100  fcm.  were  maintained  on  Purina  Fox 
C'how  <lii‘t.  The  S'''^-thioacetamide  was  administerc'd  intraperitoneally  as  a  single  dose, 
40  micromoles  (/xinoles).  .\t  intervals,  the  animals  were  killed  by  exsaiifiuination.  The 
thyroid  and  a  portion  of  the  liver  were  removed,  cleaned,  weiKhed  (wet  weifjht)  and  then 
homot;enized  in  0..t  ml.  of  a  chilled  solution  of  non-radioactive  thioacetami<le  (0.002  .M). 
.\pproi)riate  ali(juots  of  the  tissue  homogenates,  the  serum  and  S'’’-thioac(‘tamide 
standards  were  assayed  for  total  S’*  radioactivity  (3). 

I'he  S’*  metabolites  were  characterized  by  paper  chromatography  and  by  paper 
(dectrophoresis  (3,  4).  .\  twenty  microliter  aliquot  of  the  tissue  homogenate  or  a  five 
microlit(‘r  alicpiot  of  serum  plus  0.3  micromole  of  thioacetamide  carrier  were  ai)plied 
along  a  l.o  cm.  line  to  Whatman  #1  chromatograi)hy  paper.  The  latter  was  run  in  an 
ascemling  solvent  system  of  ethanol-1  M  ammonium  acetate,  j)!!  7.5  (7.5:3).  The  radio¬ 
active  s|)ots  along  the  pai)er  strips  were  located  by  radioautograi)h\’  using  Xo-Screen 
X-ray  film.  .Vt  this  iroint,  it  might  be  well  to  note  a  technical  difhculty  that  was  en¬ 
countered.  It  was  found  that  the  non-radioactive  carrier  thioacetamide  reacted  with  the 
X-ray  film  producing  a  darkening  which  would  have  obscured  the  radioactive  thio¬ 
acetamide  spot.  This  reaction  probably  results  from  the  decomposition  of  thioacetamide 
to  hydrog(‘n  sulfide  (5).  It  was  sugg(‘sted-  that  we  s|)ray  the  paper  chromatogram  with 
0.5X  .\gXOs  prior  to  ai)plying  the  X-ray  film.  This  spray  not  only  heli)ed  to  identify  the 
carrier  thioacetamide  as  a  brown-black  spot,  but  also  prevented  the  thioacetamide 
from  reacting  with  the  X-ray  film. 

The  amount  of  S’*  radioactivity  in  various  an'as  was  determint'd  by  cutting  uj)  the 
chromatogram  and  assaying  the  radioactivity  as  a  p»>rcentage  of  the  total  number  of 
counts  along  the  strip. 


RESULTS 

Anti-thifroid  Assay 

Initially,  various  do.ses  of  thioacetamide  were  admini.stered  to  rats  to 
determine  the  do.se  necessary  to  completely  inhil^it  the  iodination  of  tyrosyl 
groups  in  the  thyroid.  It  is  evident  from  Table  1  that  40  jumoles  of  thio¬ 
acetamide  is  required  to  inhibit  this  reaction.  This  is  to  be  contrasteil 
with  levels  of  10  juinoles  for  thiouracil  and  20  nmoles,  for  thiourea. 

The  inhibition  by  thioacetamide  is  short  lived.  Within  two  hours  of 
the  administration  of  40  /xinoles  to  animals,  the  amount  of  PBP®'  formed 
by  the  thyroid  is  back  to  normal  (Fig.  1).  The  effect  of  20  /mioles  of  thio¬ 
urea  persists  for  at  least  four  hours,  and  that  of  20  juinoles  of  thiouranl 
for  longer  than  five  hours.  It  has  been  previously  demomst rated  that  tl  e 
effect  of  40  gmoles  of  thiourea  persists  for  8-10  hours  and  that  the  effc  t 
of  40  jumoles  of  thiouracil  persists  for  up  to  twenty-four  hours  (3).  Xo;  e 

*  By  Mr.  Marshall  Horwitz,  a  second-year  Tufts  Mcflical  School  student,  working  n 
the  laboratory  under  an  Institutional  Cancer  Grant  (IX  29a)  to  Brandeis  University 
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TaBI.K  1.  1-',FKK('T  OF  THIOAt'ETA.MIDK,  TIIIOI  KEA  AM)  TllIorHAFIl,  ON  FORMATION 
OF  Fill”'  BY  THYROID  OF  THE  RAT 


Dose  inhibitor,  /iinoles 

1>H1131 

as  %  of  total  1'®‘ 

Thioaeetainide 

Thiourea 

Thiouraeil 

Control 

70 

72 

72 

1  .0 

71 

07 

47 

5.0 

74 

48 

20 

10. 1) 

00 

4 

0 

20.0 

35 

0 

0 

40.0 

0 

0 

00.0 

0 

Tlic  <lata  at  i-ai-h  interval  are  (liT'ived  I'roin  a  single  animal  for  laieh  eoinponnd. 


of  these  coinpoumls  alter  tlie  eoneent ration  of  iodide  by  the  thyroid  in  the 
interval  of  study. 

The  injection  of  40  juinoles  of  thioaeetainide  suheutaneously  every 
twelve  hours  into  rats  for  S  days  failed  to  produce  any  increase  in  the 
weight  or  cell  size  of  the  thyroid  as  contrasted  with  controls.  It  did,  how¬ 
ever,  produce  a  marked  increase  in  the  size  of  liver  nuclei,  a  finding  which 
has  been  previously  reported  (0). 

i  oa  vela  m  idc 

It  is  evident  from  Figure  2  that  thioaeetainide  reaches  the  thyroid 
within  minutes  of  its  administration  to  rats,  the  peak  concentration  occur¬ 
ring  at  forty-five  minutes. 

Analysis  of  the  metabolites  by  paper  chromatograj)hy  reveals  that 
thioaeetainide  is  rapidly  metabolized  by  the  thyroid.  Within  five  minutes, 
only  4()%  of  the  total  radioactivity  in  the  thyroid  is  present  as  thioacet- 
amide  (Table  2).  At  the  end  of  two  hours,  the  thioaeetainide  is  completely 


Fic.  1.  riiD  (“flVct  of  a  siHf!;l(‘  dose  of 
tliioacctaniidc,  tldouroa  and  tldouracil  oh 
tlio  formation  of  PHI''”  by  the  tliyroid  of 
•  lie  rat  over  a  five-hour  interval.  The  data 
it  eaeli  interval  are  derived  from  a  single 
iiiimal  for  eaeh  eompound. 
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Fig.  2.  The  percent  of  the  administered 
dose  of  radioactivity  per  gram  of  thy¬ 
roid  or  liver  or  jier  ml.  of  serum  following 
the  administration  of  a  single  dose  of  40 
pinoles  of  8®^  thioacetamide  to  normal  rats. 
Data  at  each  time  interval  are  derived 
from  a  single  animal. 


0  1  2  3  4  5 

HOURS 

metaliolized.  The  sulfur  products  are  proteiu-houiid  sulfur  sulfate, 

thiosulfate,  and  an  unknown  compound. 

The  di.sappearance  of  thioacetamide  from  the  liver  and  serum  is  nearly 
as  rapid  as  from  the  thyroid.  The  metabolic  products  are  also  similar  to 
those  in  the  thyroid  except  that  there  is  50  to  75%  le.ss  protein-hound 
sulfur  formed. 

DISCUSSION 

An  assay  of  anti-thyroid  activity  is  described  which  should  be  u.seful 
in  evaluating  the  effect ivene.ss  of  various  compounds  in  inhibiting  the  io- 
dination  of  tyro.syl  groups  in  thyroid  ti.ssue.  With  this  technique,  it  has 
been  found  that  thioacetamide  is  an  effective  but  short-lived  anti-thryroid 
compound.  Its  duration  of  action  in  the  thyroid  lasts  only  about  two  hours 
following  the  administration  of  forty  micromoles  to  rats.  This  factor  may 
be  of  value  in  thyroid  studies  involving  a  .series  of  experiments  in  the  .same 
animal  or  subject. 

Thioacetamide  is  rapidly  concentrated  by  the  thyroid;  its  peak  concen¬ 
tration  occurs  at  forty-five  minutes  and  is  about  4.0X10“^  M.  There  is  no 
concentration  gradient  for  thioacetamide  between  thyroid  and  .serum.  This 
differs  from  the  data  of  Xygaard  et  al.  (7)  which  .suggested  that  .such  a 

T.\BI,E  2.  .AX.AI.YSIS  OK  THE  RADIOACTIVITY  IX  THE  THYROID 

OK  RATS  (HVEX  40  /iiMOI.ES  OK  S®®-THIOACETAMIDE 


s|)ots,  %  of  total  S“  along  the  chromatogram 


Interval 

after 

Hf  0.0 

0.22 

0.74 

0.81 

PBSM 

••S”* 

X 

Thioacetamide 

5  min. 

5 

t> 

30 

40 

30  min. 

0 

11 

22 

1  hour 

8 

40 

2() 

22 

2  hours 

1 1 

70 

14 

0 

*  A  mixture  of  thiosulfate  and  sulfate  as  determined  by  paper  electrophoresis  (4). 
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fjradieiit  did  exist.  The  eoneentratioii  in  thyroid  tissue  necessary  to  in- 
hil)it  the  iodination  of  tyrosyl  i^^  about  S.OXIO  ’  M.  In  these  re¬ 

spects,  thioacetamide  closely  resembles  thiourea  and  tliiouracil  (R). 

Thioacetamide  is  rapidly  metal)olized  by  the  thyroid,  about  1  jumole/  sm./ 
lir.,  a  factor  wliich  prol)ably  explains  its  failure  to  l)e  a  fioitro^en.  This  is 
in  contrast  to  thiourea  and  tliiouracil  wliich  are  metabolized  at  a  slower 
rate  by  the  thyroid  (8)  and  are  goitrogenic.  The  major  sulfur  metabolite 
is  sulfate. 

Thioacetamide  has  been  reported  to  increase  the  .synthesis  of  nuclear 
ribonucleic  acid  (IIXA)  in  the  liver  (S).  This  finding  is  consistent  with  the 
increase  in  the  size  of  the  nucleus  and  in  its  KXA  content  (t),  10).  Similar 
histologic  changes  were  not  found  in  the  thyroid. 
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POSTPOXKI)  HOMOTRAXSPLAXTS  OF  THF  HYPOPHYSIS 
IXTO  THE  REGIOX  OF  THE  MEDIAX  EMIXEX('E 
IX  HYPOPHYSIXTOMIZED  MALE  RATS^ 

PHILIP  E.  SMITIP 

I hpnrtnu lit  of  Anatomy,  Stanford  University,  Stanford,  California 
AHSrUACT 

III  2  scrk's  of  Loiifi-Kvans  malo  rats  pituitary  hoinotransiilants  woro  made 
liy  tlu*  iiarapharyiiKoal  ajiproacli  after  pituitarj-less  jieriods  of  (U)  and  150  days. 
During  tliesi'  periods  no  gain,  usually  a  loss,  in  body  weights  and  testicular 
atrophy  occurred,  .\utopsies  were  done  2|  months  after  the  transiilantations. 

In  all  rats  the  transplants  became  functional.  In  S»“ries  I,  hypophysectomized 
when  3S-42  days  old,  donors  were  males  ami  females  14-21  days  old;  in 
Series  II  recipients  were  47  days  old  at  hypophysectomy  and  donors  were 
males  21-23  days  old.  In  all  animals  except  2  of  Series  I  there  were  pronounced 
sains  in  body  weights,  activation  of  the  thyroids,  structural  repair  of  the 
adrenals  and  the  reproductive  orsans,  and  fertility.  The  weights  of  the  repro¬ 
ductive  organs  transcended  those  of  normal  controls.  In  2  rats  of  Series  I  there 
were  slower  gains  in  body  weights,  and  activation  of  the  thyroids  but  no  struc¬ 
tural  repair  of  the  adrenals  and  reproductive  organs.  There  were'  no  “takes” 
when  Sprague-Dawley  instead  of  Long-Kvans  rats  were  used  as  donors. 

TIIIXHy  are  hut  a  few  report.s  of  tran.splantation.s  of  the  pituitary 
glancl  into  the  regiiou  of  the  pituitary  .stalk  and  median  eniinenee  of 
the  tulier  cinereum,  hut  tlie  results  obtained  have  heen  highly  instructive. 
(Jreep  (1)  in  HH()  in  1-stage  operations  made  hotli  auto-  and  homotran.s- 
plantations  of  the  pituitary  gland  into  the  evacuated  hypophyseal  capsules. 
He  reports  7.1%  of  “takes”  as  judged  hy  gain  in  body  weight  and  by  tlie 
functional  activity  of  the  reproductive  system.  Harris  and  .lacobsohn  (2) 
in  1-stage  operations  hvpophv.sectomized  and  then  transplanted  the  hvpo- 
ph  yses  from  the  recipients’  own  young,  into  the  empty  pituitary  capsules. 
In  only  1  of  14  rats  were  the  ovaries  and  adrenal  glands  found  to  lx* 
normal  at  autopsy.  In  one  other,  these  organs  were  partly  maintained;  in 
the  other  12  they  were  atrophic.  Both  (Ireep,  and  Harris  and  .lacobsohn 
used  the  parapharyngeal  approach. 

In  a  classical  series  of  related  experiments  Harris  and  .lacobsohn  (2), 
in  1-stage  operations,  hypophysectomized  adult  rats  by  the  parapharyn¬ 
geal  approach,  and  then  by  the  temporal  approach,  transplanted  close  t( 
the  median  eminence,  the  hypophy.ses  from  the  animals’  own  young.  .\1 
12  of  the  completely  hypophysectomized  rats  had  maintenance  of  tlu 
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ovaries,  thyroids  and  adrenal  glands.  In  a  similarly  operated  series  in 
which  adult  donors  were  used  o  of  the  10  had  estrons  cycles;  the  other  5 
had  atrophic  reproductive  organs.  The  adrenal  glands  were  maintained  in 
most  of  the  animals.  In  both  of  the.se  series  adult  recipients  were  used,  and 
consequently  an  influence  on  body  weight  could  not  be  determined. 

Xikitovitch- Winer  and  hiverett  (3)  replanted  pituitary  autografts  from 
the  kidney  into  the  region  of  the  median  eminence  by  the  temporal  ap¬ 
proach.  These  replanteil  grafts  accpiired  normal,  or  near  normal  function 
which  had  been  lost  while  the  grafts  were  on  the  kidney.  Adults  were  used, 
so  no  effect  on  growth  could  be  determined.  Microsopic  examination  of 
the  pituitary  capsule  made  it  possible  to  be  certain  of  the  completene.ss  of 
the  hypoj)hysectomv,  as  in  the  transplantations  of  Harris  and  Jacob.sohn 
to  the  median  eminence. 

In  this  paper  the  results  obtained  by  the  transplantation  of  the  hypoph- 
y.sis  into  the  region  of  the  median  eminence  and  pituitary  stalk,  by  the 
parapharyngeal  approach,  are  reported.  In  contrast  to  the  temporal  ap¬ 
proach  this  is  not  a  severe  operation.  Consequently,  it  could  be  employed 
in  inherently  delicate  long-term  hypophysectomized  animals.  It  is  evident 
that  it  is  not  po.ssible  to  check  the  completene.ss  of  the  hypophy.sectomy 
by  a  study  of  .serial  sections  of  the  pituitary  capsule.  However  the  post¬ 
ponement  of  the  transplantaions  for  a  minimum  period  of  at  least  a 
month,  or  as  in  the  work  here  rej)orted,  for  2  or  5  months,  permits  the 
well-known  hypophy.seal  syndrome  to  become  well  established,  making  it 
certain  that  the  intracapsular  portions  of  the  hypophysis  had  been  com¬ 
pletely  removed.  The  main  external  features  of  this  syndrome  are:  no  gain 
in  body  weight,  usually  a  lo.ss;  reduction  in  muscle  tonus  resulting  in  a 
flaccid  condition;  and  no  evidence  of  testes  within  the  scrotum,  i.e.,  they 
can  not  be  seen  nor  palpated.  In  females  there  is  a  narrowing  of  the  vaginal 
orifice  and  a  continuous  diestrous  type  of  vaginal  smear. 

EXPEHIMEXTAL  PROCEDURE 

The  Lons-Evans  strain  of  rats  was  irsed.  Altlioiif!;h  tlu*  colony  lias  been  propagated 
liy  random  matings,  a  fairly  close  familial  relationshi])  exists,  for  it  is  a  small  colony.  Sibs 
of  the  recipients  were  not  used  as  donors. 

Food  consists  of  rat  eliow,  lettuce,  unground  wheat  and  a  daily  supphunentary  feed¬ 
ing  of  cooked  cereal  to  which  dried  skimmed  milk  and  wheat  germ  were  added. 

The  hypoiihyseetomies  wen*  perforuK'd  by  the  parapharyngiail  approach.  In  order 
to  increase  the  probabilitj'  of  comjilete  removal  of  the  anterior  and  posterior  lobes,  and 
ilso  to  facilitate  later  transplantation,  a  large  ojiening  was  made  through  the  basi- 
-Dhenoid.  After  removing  the  intracapsular  comiionent  of  the  pituitarv  gland  by  suc- 
'ion  with  a  large  glass  canula,  a  small  curved  one  was  inserted  and  the  peripheral  borders 
f  the  capsule  were  subjected  to  suction  in  an  attempt  to  assure  removal  of  anj’  remaining 
■agment. 

In  the  transjilantation  of  the  jiitnitary  gland  the  parapharyngeal  ajiproacdi  was  again 
'(“d.  After  exposure  of  the  basisiilienoid  the  hole  through  that  bone  made  at  hypophj’- 
■ctomy  was  located  with  a  probe,  the  connective  tissue  covering  it  was  removed  and  the 
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t'iilarK<“tl.  riu‘  hole  was  never  completely  oeeluded  although  some  growth  of  the 
hone  had  usually  taken  place  at  its  i)eriphery.  The  anterior  jiart  of  the  collapsed  pituitary 
capsule  and  other  soft  tissues  were  gently  torn  to  make  a  cavity  for  the  transplant.  The 
donor  rat  was  then  decajiitated  and  its  pituitary  gland  was  asei)tically  removed  and 
placed  in  the  j)ocket  which  had  been  made.  It  was  pushed  in  deeply  with  a  small  jiiece  of 
masseti'r  musch‘.  which  served  both  to  hold  the  transplant  in  jjlact'  and  to  close  the 
o|)ening.  In  tearing  the  soft  ti.ssue  to  make  a  nest  for  the  trans|)lant  some  bleeding  and  a 
flow  of  cerebro-si)inal  fluid  usually  occurred.  This  operative  technique  jicrmitted  quite  a 
l)recise  i)lac»'ment  of  the  transplanted  gland  near  the  median  eminence  and  pituitary 
r>talk.  At  the  termination  of  the  operation  4-5  cc  of  5%  de.xtrose  in  .85%  saline,  and 
Penicillin  (1  ( 12,000  u.)  were  injected  subcutaneously.  .Although  long-time  hypophysec- 
tomiz(‘d  rats  are  delicate,  no  deaths  resulted  from  the  transplantation  operation.  The 
animals  wctc  weighed  daily  at  first  and  then  twice  each  week. 

Two  series  of  exi)eriments  with  male  recipients  and  controls  are  here  rc'ported.  The 
first  series  (Table  1)  consists  of  1 1  rats  from  our  colony  which  were  hyimphysectomized 
bt'twetm  tlu‘  ag(‘s  of  38-42  days.  Sixty  days  later  each  received  a  transj)lant  of  1  pitui¬ 
tary  gland.  They  were  autoi)sied  77  days  later.  Two  series  of  controls  with  i)osthypophy- 
sectomy  jx-riods  of  00  days  (Referenci*  C'ontrols),  and  137  days  (Terminal  Controls),  re¬ 
spectively,  an'  also  n'ported  in  the  table,  and  a  series  of  10  hypophysectomizc'd  animals 
from  our  colony  in  which  Sprague-Dawley  rats  were  used  as  donors.  For  comparison 
of  organ  wt'ights  a  serh's  of  normal  unoiierated  rats  autopsied  at  the  ai)i)roximate 
weights  attained  by  the  pituitaryh'ss  rats  which  received  transplants,  are  listed. 

In  the  sc'cond  series  (Table  2)  data  on  4  rats  are  report<'d,  each  of  which  received  a 
single  i)ituitary  transplant  5  months  after  hypophyst'ctomy.  These  were  autoi)sied  70 
days  later.  Data  are  given  on  hypophysectomized  animals  which  received  no  transjjlants 
and  were  sacrificc'd  after  a  posthypoi)hysectomy  jx'riod  of  5  months,  and  also  data  on 
normal  controls. 

It  is  emphasized  that  the  series  of  transplantations  reported  here  are  not  selected 
from  a  larger  grouj)  some  of  which  were  discarded.  (In  an  earlier  series  of  females  a  few 
of  the  transplants  did  not  “tak»'.”)  .\n  occasional  rat,  however,  was  discanh'd  during  the 
|)osthypophys('ctomy  pretransplantation  period  because*  it  gaineel  in  weight  or  showed 
oth.er  signs  of  an  incomplete  hyixtphysectomy.  The  intuitary  capsules  of  the  hyix)phy- 
sectomized  controls  have  been  serially  sectioned  and  found  to  contain  no  trace  of  the 
intracapsular  components  of  the  hyi)ophysis. 

RESULTS 

Sljini'lS  I.  ]y eight  and  Phgsieul  ('audition.  After  a  po.sttran.splantation 
period  of  4-S  day.s  a  definite  increase  in  weight  of  ad  rats  of  this  series 
began,  (Fig.  1).  In  9  of  tlie  11  this  increase  amounted  to  11.2-17  gm.  a 
week  during  the  77  days  prior  to  autopsy.  This  is  not  as  rapid  an  increa.se 
as  in  normal  males  of  corresponding  initial  weights. 

There  was  also  an  improvement  in  the  phy.sical  condition  of  the.se  9 
animals.  Instead  of  being  flaccid  when  handled  as  is  characteristic  of  rat> 
which  have  been  pituitaryless  for  some  time,  muscle  tonus  .seemed  eciua® 
to  that  of  normal  rats.  .\lso  their  pelage  and  appetite  .seemed  normal. 

Two  of  the  11  rats  receiving  transplants  showed  characteristics  wind 
clearly  .separated  them  from  the  other  9,  (Table  1,  Fig.  1).  Although  the) 
increased  in  weight,  and  this  increase  began  as  soon  after  the  transplanta¬ 
tion  as  in  the  other  9  rats,  it  was  markedly  less,  amounting  to  3-4  gm.  per 
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week.  In  .spite  of  thi.s  slow  rate  of  gain  their  weiglits  at  autop.sy  exceeded 
their  pretransplantation  weights  by  34  gm.  and  44  gm.,  respectively,  Im¬ 
provement  in  their  phy.sical  condition  and  pelage  was  not  clearly  evident. 
.\t  autop.sy  no  unusual  deposits  of  fat,  which  could  account  for  their  gain 
in  weight,  were  found. 

Skeletal  Growth.  The  proximal  epiphyseal  discs  of  the  tibiae  of  both  the 
()0-day  and  1.37-day  hypophy.sectomized  controls  have  structural  features 
characteristic  of  ce.s.sation  of  growth  (Fig.  0).  The  cartilage  cells  are  small 
and  the  intervening  cartilage  between  the  cell  columns  is  greater  than  in 
growing  animals.  Frosion  of  the  cell  columns  had  ceased  as  is  evidenced 
by  the  formation  of  a  thin  layer  of  bone  over  much  of  the  medullary  .sur¬ 
face  of  the  di.sc.  Medullary  trabeculae  are  almost  completely  absent  ex¬ 
cept  at  the  periphery  of  the  disc.  The  .structural  features  are  similar  to 
tho.se  described  in  hypophysectomized  female  rats,  (4,  and  earlier  papers). 

The  epiphy.seal  discs  (Figs.  2,  3,  4,  5)  of  the  hypophysectomized  rats 
which  received  pituitary  transplants  are  strikingly  different  from  the 
pituitaryle.ss  controls  described  above.  No  layer  of  bone  is  present  on  the 
medullary  .surface  of  the  di.sc.  The  lacunae  in  the  vesicular  zone  of  the  discs 
are  large  and  some  open  into  the  medullary  cavity.  Many  bony  trabeculae 
with  central  cores  of  calcified  cartilage  extend  into  the  medullary  cavity. 
The  .structural  features  are  characteristic  of  cartilage  growth  and  its  re¬ 
placement  by  bone. 

It  was  .stated  earlier  that  2  of  the  rats  which  received  transplants  gained 
in  weight  more  .slowly  than  the  other  9  animals.  The  epiphyseal  discs  of 
their  tibiae  (Figs.  3,  4),  although  not  showing  characteristics  of  as  rapid 
growth  as  the  other  9  rats,  nevertheless  differ  markedly  from  the  pitui¬ 
tary  less  controls.  There  is  no  layer  of  bone  on  the  medullary  .side  of  the 
di.sc.  The  lacunae  of  the  vesicular  zone  are  large  and  .some  open  into  the 
medullary  cavity  and  contain  va.scular  sprouts.  Bony  trabeculae  with  cores 
of  cartilage  are  pre.sent.  As  shown  in  Figure  1  a  gain  in  weight  was  contin¬ 
uing  at  the  time  of  autopsy. 

Testes,  Epididymides,  Mating.  The  te.stes  of  the  group  of  9  rats  which 
grew  more  rapidly  became  sufficiently  enlarged  within  14-  IS  days  after 
the  transplantation  to  be  easily  palpated.  This  was  only  9-13  days  after 
'tn  increase  in  body  weight  began.  The  weights  of  the  testes  of  the.se  9 
.nimals  exceed  the  weights  of  the  te.stes  of  normal  unoperated  controls 
'if  corresponding  body  weights  (Table  1).  They  exceed  the  weights  of  the 
3.stes  of  the  hypophysectomized  controls  autop.sied  00  days  after  the 
3mov'al  of  the  pituitary  gland  (Ilypx  H  C)  by  10  times,  showing  the  great 
rowth  that  had  taken  place.  The  testes  of  these  9  rats  are  normal  in  struc- 
ire  (Fig.  10).  All  the  seminiferous  tubules  have  the  various  stages  of 
)ermatogenesis  and  many  contain  spermatids  or  sperm. 
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Figs.  2~t).  Siijjittal  soctions  of  ])roxinial  tibial  discs  of  male  rats.  Delaficdd’s  lieina- 
toxyliii  and  eosiii.  XI SO. 

Fig.  2.  Forty  days  old  at  hyi)oi)liys(‘ctomy  (10!)  f'ixty  days  later  (93  sm-)  Kiven 
1  transplant  of  an  .\.P.  from  a  21  day-old  male.  Autojisy  77  days  later  (212  Kin.).  See 
Table  1. 

Fig.  3.  Littermate  of  the  above.  Forty  days  old  at  hypophysectomy  (120  Sixt.\ 

rlays  later  (104  K>vcn  1  transplant  of  an  .\.P.  from  a  21  day-old  male.  Autojisy  77 
days  later  (13S  kh'-)-  netive  thyroid  (Fig.  9)  and  atropie  adrenal 

tc'stes. 

Fig.  4.  From  a  littermate  with  a  similar  history. 

Fig.  5  Forty-seven  days  old  at  hypo|)hyseetomy  (137  I'ive  months  later  (12  ■ 

gm.)  given  1  .\.P.  transplant  from  a  21  day-old  male.  Autopsied  75  days  later  (200  gm. 

Fig.  0.  Terminal  control.  Hyiiophysectomizcd  when  41  days  old  (102  gm.)  am 
autopsied  1.50  days  later  (90  gm.). 

Fig.  7.  Thyroid  of  an  hypophysectomized  reference  control  00  days  after  the  ablatio 
of  the  iiituitary  gland.  X315. 

Fig.  8.  Thyroid  of  rat  described  in  legend  of  Fig.  2.  X315. 

Fig.  9.  Thyroid  of  rat  described  in  legend  of  Fig.  3.  X315. 
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The  weiglits  of  tlie  testes  of  tlie  2  rats  whicli  grew  more  slowly  than 
the  other  9  are  within  the  range  of  the  hypophysectomizecl  controls  (Table 
1).  Structurally  they  show  no  repair.  (Fig.  14). 

The  epididymides  of  the  9  animals  which  grew  more  rapidly  after  receiv¬ 
ing  transplants  of  pituitary  glands  have  a  relative  increa.se  in  weight  that 
is  even  greater  than  that  of  the  testes.  They  are  nearly  double  the  weights 
of  the  epididymides  of  normal  animals  of  corresponding  body  weights. 
A  study  of  sections  reveals  large  numbers  of  sperm.  The  epididymides  of 
the  2  rats  which  grew  more  slowly  show  no  repair. 

Fach  of  the  9  rats  of  the  more  rapidly  growing  group  was  tested  one 
or  more  times  for  fertility  by  placing  a  female  in  proestrus  with  it.  Each 
sired  from  1-3  normal  litters.  The  earliest  that  a  female  was  placed  with 
one  of  the.se  males  was  40  days  following  transplantation.  The  pair  mated 
and  normal  young  were  born. 

The  Adrenal  Glands.  The  weight  and  structure  of  the  adrenal  glands  sepa¬ 
rates  the  11  rats  which  received  transplants  of  the  hypophysis  into  2 
groups  as  definitely  as  does  body  growth  and  the  condition  of  the  repro¬ 
ductive  system.  The  weights  of  the  adrenal  glands  of  the  9  rats  which  grew 
more  rapidly  increased  markedly.  However,  they  did  not  (piite  attain  a 
mean  weight  etpial  to  that  of  normal  controls  of  corresponding  body  weight. 
They  also  have  more  variation  in  weight.  In  4  of  them  the  adrenal  weights 
are  within  the  range  of  the  normal  controls.  In  1  of  the.se  4  the  adrenal 
weight  nearly  ecpials  that  of  the  heaviest  in  the  controls.  The  weights  of 
the  adrenal  glands  are  not  correlated  with  their  i)ody  weights.  Their  varia¬ 
tion  contrasts  with  the  uniformity  of  the  weights  of  the  adrenals  of  the 
hypophy.sectomized  controls. 

Structurally  the  adrenal  glands  of  the.se  9  rats  appear  to  be  normal. 


Fig.  10.  Testis  of  animal  (Icscrihed  in  legend  of  Fig.  2.  X90.  S«‘e  Table  1. 

Fig.  11.  Testis  of  animal  deseribed  in  legend  of  Fig.  .5.  X90.  See  Table  2. 

Fig.  12.  Testis  of  a  littermate  with  a  history  similar  to  that  of  the  above  animal. 
X315. 

Fig.  13.  Testis  of  hvpoidiyseetomized  terminal  control.  .Vutojisied  37  days  after  the 
removal  of  the  intuitary  gland.  X315. 

Fig.  14.  Testis  of  animal  deseribed  in  the  legend  of  Fig.  3.  X31.5. 

Fig.  1.5.  ('ortex  of  adrenal  gland  of  littermate  of  animal  de.seribed  in  Fig.  o.  H  &  F 
stain.  XI 23. 

Fig.  10.  ('ortex  of  adnmal  gland  of  an  animal  given  a  transplant  of  1  hypophysis  from 
a  14  day  old  mah*  after  a  i)osthypophys(‘etomy  pi'rioil  of  00  days  (Table  1,  Fig.  1),  and 
autopised  77  days  later.  Oil  red  0  stain.  XI 23. 

Fig.  17.  .Vdrenal  cortex  and  subjacent  medulla  of  animal  described  in  legend  of  Fig.  0 
The  limit  of  the  corti'x  is  marki'd  with  an  arrow.  H  &  K  stain.  XI 23. 

Fig.  is.  .\drenal  cortex  and  subjacent  medulla  of  an  137-day  hypophysoctomized 
terminal  control.  (Table  1)  oil  red  O  stain.  X123. 
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Tablk  1.  Data  on  mall;  hats  kach  ok  which  was  <iivK.\  a  sixoi.e  tkansi’i-ant  ok  one 

HYPOPHYSIS  AKTER  A  POSTHYPOPH YSECTOMY  PERIOD  OK  (iO  DAYS 

Data  also  nivpii  oii  hypojihyspctoinizpd  and  normal  controls.  All  animals  were  38”42  days 
olil  at  the  Ix'ginning  of  the  experiment.  Hupx  +  Trpl  Hypophyseetomized  rats  which  re¬ 
ceived  iiitnitary  transplants  from  Lonfi-l^vans  rats.  Each  of  4  of  these  rats  n-eeived  a  whole 
hypophysis  from  a  17  day  old  female,  4  each  received  a  whole  hypophysis  from  a  14  day  old 
male  and  3  received  anti'rior  hypophyses  from  21  day  old  males.  The  reeijiients  were  antop- 
sied  77  days  after  the  transplantation  (137  days  after  hypophyseetomy).  Hi/px  T  C 
Hypophyseetomized  terminal  controls.  They  wen*  aiitopsied  137  days  after  hyiiophyseetomy. 
Hi/px  R  ('—  Hypoiihyseetomized  reference  controls.  They  were  autojisied  tit)  days  aft(*r 
hypophyseetomy.  \or  T  ('  -Normal  terminal  controls.  Unoperati'd  rats  which  were  antop- 
sied  at  the  approximate  weif(hts  attained  hy  !)  of  the  11  hypophyseetomizi'd  rats  which  n*- 
ceivi'd  pituitary  transplants  from  Lontj-Evans  rats.  H ppx  -\-S-D  TrpI  -hiach  of  these  rats 
received  a  transplant  of  a  i)ituitar>-  fjland  from  the  Spranne-Dawley  strain  of  rats. 


No.  of 

TyiM* 

Body  weight,  litoan  1 
and  ran(£o  ifiiit.) 

.Adtopsy.  im*an  i 

und  raiiRi*  (riii.) 

At  llypx 

At  Trpl 

Body  wt. 

T(‘st<>8  ! 

Kpid.  1 

Adrs. 

9 

Ilypx+Trpl 

101 

08 

227 

2.74 

.75  ; 

.030 

(  IKMOO) 

(01  105) 

(212  252)  : 

(2.45  2.06  )  i 

(.61  -.88  ) 

( .022-. 040) 

2 

Hypx  +Trpl 

108,  120 

03.  104 

137,  138  ' 

.17,  .21 

.057,  .087 

.011,  .010 

4 

llypx  T  (’ 

108 

101.5  ! 

,166 

.037 

.010 

(102  113) 

(  06  107)  ] 

(  .15;{-  .180) 

(.028  .046) 

(.(K)8  .(111) 

Ilypx  K  (■ 

124 

110  1 

.170 

.n4t»  1 

.010 

(1111  128) 

(112-115) 

(  .146  .230) 

-  (.027-. 008) 

!  (.(M)8-.011) 

•( 

Nor  T  (' 

227 

2  27 

:  .38 

.035 

(215  240) 

'  (1.07  -2.45  ) 

!  (.26  -..54  ) 

(.031-. 041) 

10 

llypx +S-1)  Trpl 

111 

lot) 

111 

.15 

.038 

.010 

(103-128) 

(07-118) 

(  00-127) 

1  (  .106-  .176) 

(.026  .048) 

1  (.(K)8  .012) 

The  nuclei  of  tlie  fascicular  zone  are  widely  separated  and,  after  fat  sol¬ 
vents,  the  cytoplasm  is  vacuolated  (Fig.  15).  Frozen  sections  of  their 
adrenal  glands  fixed  in  formalin  and  stainned  with  a  fat  dye  (oil  red  ()) 
show  a  normal  distribution  of  fat  (Fig.  10).  Their  structure  is  in  striking 
contrast  with  that  of  the  adrenal  glands  of  the  hypophyseetomized  controls 
(Figs.  17,  IS). 

The  weights  of  the  adrenal  glands  of  the  2  hypophyseetomized  rats  which 
gained  slowly  in  body  weight  after  receiving  pituitary  transplants  are 
within  the  range  of  the  pituitaryless  controls  and  they  have  the  structural 
features  of  the  adrenal  glands  of  the  long-term  hypophyseetomized  con¬ 
trols. 

Thyroids.  Although  the  structure  of  the  thyroids  in  rats  does  not  portray 
the  functional  state  as  clearly  as  in  some  other  laboratory  animals,  never¬ 
theless,  the  structural  features  are  distinct  enough  in  the  series  here  re¬ 
ported  to  enable  conclusions  to  be  drawn. 

The  thyroid  follicles  of  the  hypophyseetomized  reference  and  terminal 
controls  have  a  uniformly  flat  epithelium  characteristic  of  animals  which 
have  been  pituitaryless  for  extended  periods  (Fig.  7).  In  contrast,  the  thy¬ 
roids  of  the  9  more  rapidly  growing  hypophyseetomized  rats  which  received 
transplants  have  areas  in  which  the  follicles  are  lined  by  cuboidal  epithe¬ 
lium  (Fig.  8).  The  structure  of  these  follicles  clearly  indicates  activation. 
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Tlie  follicles  in  other  areas  have  a  flat  epithelium.  Structural  evidence 
thus  indicates  a  spotty  response  to  the  thyreotrophic  output  of  the  trans¬ 
planted  pituitary  gland. 

We  had  expected  to  find  that  the  2  rats  which  grew  slowly  after  receiv¬ 
ing  pituitary  transplants  would  have  no  structural  features  indicating 
activation  of  the  thyroids  and  thus  would  correspond  to  the  condition 
obtaining  in  their  adrenal  glands  and  testes.  This  proved  not  to  he  the 
case.  The  follicular  epithelium  in  areas  of  the  thyroids  of  these  2  rats  is 
cuboidal  (Fig.  9).  The  structural  response  is  not  as  pronounced  as  in  the 
more  rapidly  growing  group.  It  seems  adecpiate,  however,  to  indicate  a 
response  paralleling  skeletal  growth. 

Spniguc-Duirley  Strain  of  Rats  as  Donors.  The  high  percentage  of  “takes” 
in  the  transplantation  of  hypophyses  from  rats  of  our  colony  suggested 
using  another  strain  (Sprague-l)awley)  as  donors  in  order  to  determine  if 
there  is  a  strain  specificity.  .\s  shown  in  Table  1,  10  rats  from  our  colony 
were  given  transplants  of  the  hypophyses  from  the  S-D  strain.  The  post- 
hypophysectomy  period  at  the  time  of  the  transplantation  in  2  of  them 
was  54  days,  with  0  day  old  donors;  in  4  it  was  57  days  with  donors  18 
days  of  age;  and  in  4  it  was  (W  days,  donors  being  22  days  old. 

In  all  recipients  there  was  some  gain  in  weight  after  the  transplantation. 
In  7  of  the  10  this  was  sufficient  to  carry  them  above  their  prehypoph\>ec- 
tomy  weight  by  2-11  gm.  This  gain  was  followed  by  a  recession  so  that 
the  mean  of  the  body  weights  at  autopsy,  58  days  later,  was  the  same  as 
it  was  when  their  pituitary  glands  were  ablated.  The  weights  of  the  testes, 
epididymides  and  adrenal  glands  are  within  the  range  of  the  pituitary  less 
controls. 

Although  the  gain  in  body  weight  is  small  it  seems  sufficient  to  indicate 
a  temporary  .secretion  by  the  transplant.  It  appears  improbable  that  it 
could  be  caused  by  a  release  of  stored  hormone  in  the  donor  glands  be¬ 
cause  of  their  small  size  especially  with  donors  only  6  days  old. 

Except  for  the  temporary  increase  in  body  weight,  the  results  from  the 
transplants  of  the  hypophyses  from  Sprague-1  )awley  rats  are  negative. 

The  temporary  and  e.s.sentially  negative  effects  provide  an  excellent 
control  for  our  other  transplantations.  They  reinforce  our  data  in  showing 
that  the  effect ivene.ss  of  transplants  from  animals  of  our  colon}'  as  donors 
is  due  to  the  secretory  activity  of  the  transplant  itself  and  not  to  an  activa¬ 
tion  of  some  unremoved  hypoplu'.seal  frgament  by  the  operative  procedure 
of  the  transplantation. 

>EHIKS  II.  This  series  is  compo.'^ed  of  4  rats  which  were  given  pituitary 
ransplants  after  a  posthypophy.sectomy  period  of  5  months,  4  hypophy- 
ectomized  reference  controls  and  10  unoperated  controls.  Although  the 
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Table  2.  Data  ox  4  male  rats  each  of  which  was  liivEX  a  sixiile  traxsflaxt  of 
1  hypophysis  after  a  posthypophysectomy  period  of  l.iO  days 

Data  an*  also  given  on  hypophysectomized  and  normal  controls.  Hiipx  +  Trpl  Hypopliy- 
sectomized  rats  which  received  transjilants.  The  rats  were  47  days  old  at  the  time  of  hy- 
pophysectomy.  Kach  rat  lost  weight  during  the  150  day  posthypophysectomy  period  jirior 
to  the  transplantation,  the  loss  ranging  from  0-27  gm.  Donors  were  males  ranging  in  age 
from  21-23  days.  Hijpr  H  f  -  Hypophysectomized  reference  controls.  These  received  no 
transplants  and  were  autopsied  150  days  after  the  removal  of  the  pituitary  gland.  Sor  T  (' — 
Normal  terminal  controls.  Normal  unoperated  rats. 


No.  of 
rats 

Type 

Body  weight,  mean  and 
range  (gm.) 

Autopsy,  mean  : 

and  ran^c  (frm.) 

.\t  Hypx 

.\t  Trpl 

Body  wt. 

R  testis* 

H  Kpid* 

2  Adrs. 

4 

Hypx+Trpl 

1.37 

(i:«)-142) 

120 

(110-133) 

210 

(2)K)-229) 

1..38 

(1.28  -1.45  ) 

.376 

(.361-. 394) 

.025 

(.022-. 028) 

4 

Hypx  R  C 

122 

(109-140) 

112 

(  97-127) 

.084 

(  .074-  .098) 

.021 

(.016-. 026) 

.010 

(.(K)9-.011) 

lu 

Nor  T  C 

215 

(2(t7-223) 

1.14 

(1 .05  -1 .20  ) 

.187 

(.138-. 254) 

.035 

(.031-. 042) 

'  The  left  testis  and  left  epididymis  of  each  of  the  hyiDophyseetomised  rats  given  pituitary  transplants  were  removed 
20-40  days  after  the  transplantation.  In  order  that  the  data  may  more  nearly  correspond,  the  weights  of  the  right  testes 
and  right  epididymides  are  given  for  the  hypophysectomized  controls  and  the  normal  terminal  controls. 


characteristic  features  of  hypophyseopriva  were  more  pronounced  in  tliese 
rats  than  in  those  given  transplants  after  a  pituitaryless  period  of  00  days, 
none  succumbed  to  the  operation. 

Weight  and  Skeletal  Growth.  After  a  posttransplantation  period  ranging  from 
4-0  days  a  gain  in  weight  occurred  which  continued  until  autopsy.  Count¬ 
ing  from  the  day  when  the  gain  first  became  unecpiivical  the  increment 
ranged  from  1. 1-1.0  gm.  a  day.  Although  this  seemed  spectacular  compared 
to  the  long  period  of  growth  stasis  prior  to  transplantation,  it  is  only 
J-g  the  rate  of  increase  of  growth  in  normal  rats  of  corresponding  size  in 
our  colony. 

Tibiae.  The  epiphyseal  discs  of  the  heads  of  the  tibiae  of  the  animals  given 
transplants  show  the  structural  features  characteristic  of  bone  growth 
(Fig.  5).  The  columns  of  cartilage  cells  are  long  and  the  lacunae  in  the 
zone  of  calcification  are  large  and  contain  robust  cartilage  cells.  Many 
lucunae  open  into  the  medullary  cavity  and  contain  erythrocytes  indicat¬ 
ing  that  vascular  sprouts  had  penetrated  them.  Bony  trabeculae  with  cen¬ 
tral  cores  of  calcified  cartilage  extending  into  the  medullary  cavity  are 
frequent. 

Reproductive  System  and  Reproduetive  Behavior.  The  testes  of  each  of  the 
hypophysectomized  rats  given  pituitary  transplants  became  sufficiently 
large  and  firm  to  be  readily  palpated  by  10  days  after  the  operation.  Be¬ 
tween  days  20  and  40  following  transplantation  each  rat  was  unilaterally 
castrated  in  order  to  secure  evidence  on  the  rate  of  repair  of  the  te.stes. 

The  remaining  testis  of  each  rat  at  autopsy  75  days  after  the  hypo¬ 
physeal  transplantation  weighed  more  than  a  single  testis  of  any  of  the 
normal  controls  (Table  2),  there  being  no  overlapping  in  the  weights  be- 


January,  1061  POSTPONED  PITUITARY  HOMOTRANSPLANTS 


141 


tween  the  2  groups.  Each  testis  exceeded  in  weight  a  single  one  of  the 
hypophysectomized  reference  controls  by  over  15  times.  Structurally  the 
seminiferous  tubules  of  the  rats  given  transplants  are  normal  (Fig.  11). 
An  occasional  tubule,  although  enlarged,  did  not  undergo  repair.  All  stages 
of  spermatogenesis  and  many  sperm  are  present  (Figs.  11,  12).  The  inter¬ 
stitial  cells  of  Leydig,  also,  are  normal.  It  is  realized  that  the  weights  of 
the  remaining  testes  of  the  rats  receiving  transplants  may  have  been 
enhanced  by  the  unilateral  castration,  although  the  latter  did  not  occur 
until  near  the  mid-point  between  the  transplantation  and  autopsy. 

The  weights  of  the  epididymides  of  the  hypophysectomized  animals  re¬ 
ceiving  transplants  as  compared  to  normal  controls  of  corresponding  body 
weights  are  even  greater  than  in  the  case  of  the  testes.  The  epididymides 
are  normal  in  structure  and  contain  numerous  sperm. 

The  mating  reaction  of  the  hypophysectomized  males  given  transplants 
was  normal.  Between  50-60  days  after  the  males  received  transplants  a 
normal  female  in  proestrus  was  placed  with  each  one.  The  males  displayed 
marked  libido  and  each  of  them  sired  one  or  more  normal  litters. 

Adrenal  Glands.  The  adrenal  glands  of  the  hypophy.sectomized  rats  receiv¬ 
ing  pituitary  transplants,  although  increasing  markedly  in  weight  did  not 
attain  the  mean  weight  of  normal  controls  of  corresponding  body  weight 
(Table  2).  Structurally,  as  in  Series  I,  there  was  an  enlargement  of  the  cells 
of  the  fascicular  and  reticular  zones.  The  distribution  of  fat  in  frozen  sec¬ 
tions  stained  with  oil  red  O  was  normal. 

DISCUSSION 

The  percentage  of  “takes”  in  the  series  of  pituitary  tran.splantations  in 
male  recipients  reported  here,  is  higher  than  in  a  larger  series  of  females 
(5).  Two  factors  may  play  a  role  in  this,  1)  an  improvement  in  operative 
technique,  2)  a  clo.ser  relationship  of  recipients  and  donors  due  to  continued 
inbreeding.  We  are  inclined  to  believ^e  that  the  latter  is  more  important. 
The  animals  of  our  colony  came  from  the  parent  stock  in  1927.  During  the 
past  8  years  there  has  been  a  high  degree  of  inbreeding.  We  find  that  Long- 
I'ivans  rats  purchased  from  a  colony  reared  independently  of  ours  gives  a 
very  low  percentage  of  “takes”  when  used  as  donors.  There  were  no 
“takes”  with  Sprague-Dawley  rats  as  donors  although  there  appeared  to  be 
a  brief  period  of  secretion  by  the  tran.splant. 

The  early  gain  in  weight  (4-6  days)  following  the  transplantation  of  the 
pituitary  gland  indicates  a  rapid  vascularization  of  the  tran.splant.  Intra- 
v^ascular  injections  with  India  ink  or  Berlin  blue  show  that  the  transplants 
have  been  richly  vascularized. 

Although  our  long-term  hypophysectomized  males  had  a  surpri.singly 
prompt  response  in  body  weight  to  the  transplantation  of  the  hypophy.sis, 
the  later  gain,  as  in  the  more  acute  experiments  of  Greep  (1),  was  not  as 
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rapid  as  in  the  normal  males  of  eorresponding  size.  This  slower  rate  of  in¬ 
crease  is  reflected  in  the  structure  of  the  proximal  tihial  discs.  We  have  not 
found  in  the  literature  a  description  of  the  effects  of  aseins  on  skeletal 
{jrowth  in  male  rats  except  in  yoims  and  very  old  ones.  The  secpience  of 
changes  with  age  in  normal  females  of  the  Long-lCvans  strain  of  rats,  how¬ 
ever,  has  been  reported  (ti).  The  tibial  cartilage  discs  in  our  series  of 
hypophysectomized  males  with  pituitary  transplants  correspond  closely  to 
the  description  and  figures  of  normal  females  74  <lays  old.  At  this  age  nor¬ 
mal  females  have  a  decreased  rate  of  growth. 

The  adrenal  glands  in  hypophysectomized  males  receiving  transplants 
did  not  quite  attain  the  weights  in  normal  males  of  corresponding  body 
weight.s.*  Structurally  the  adrenal  glands  were  indistinguishable  from  those 
of  normal  males.  Harris  and  Jacobsohn  (2)  report  in  their  transplantations 
of  the  hypophysis  near  the  median  eminence  that  most  of  the  adrenal 
glands  were  of  normal  weight. 

The  thyroids,  although  having  areas  of  pronounced  activation,  did  not 
quite  attain  a  normal  structure  for  there  were  areas  with  atrophic  epithe¬ 
lium.  Apparently  the  transplanted  pituitary  glands  did  not  release  suffi¬ 
cient  TH  to  activate  the  entire  gland. 

Except  in  the  2  more  slowly  growing  hypophysectomized  males  with 
transplants  the  testes  and  epididymides  .stand  out  as  giving  a  much  greatei- 
response  than  the  other  organs.  The  increase  in  these  organs  was  great 
enough  to  make  them  transcend  the  weights  in  the  normal  controls.  The 
long  period  of  atrophy  did  not  affect  the  capacity  of  the  seminiferous  tu¬ 
bules  to  respond  to  gonadotrophic  hormone. 

The  2  hypophysectomized  rats  which  grew  more  slowly  than  the  others 
after  receiving  transplants  and  had  activation  of  the  epiphyseal  discs  and 
thyroids  but  no  repair  of  the  adrenal  cortex  or  testes,  present  a  puzzling 
combination.  The  activation  of  the  thyroid  would  eiduince  the  respoiise  to 
.somatotrophic  hormone  because  of  a  synergistic  action  (7,  S,  t),  10,  11).  The 
failure  of  a  response  of  the  testes  in  these  2  rats  can  hardly  be  attributed  to 
a  higher  threshold  judging  from  the  response  of  these  organs  in  the  other 
animals.  It  is  possible  that  an  analy.sis  of  the  blood  supply  and  cell  types 

^  Throujthout  this  paper  tlie  weij^hts  of  organs  in  tlie  hypopliyseetoinized  rats  reeeiv- 
iiiS  jiituitary  trans])laiits  liave  l)eeii  e<nni)are(l  with  wca^lits  in  nonnal  controls  of  cor- 
respondiiiK  body  weights.  This  seems  tlie  most  valid  eomiiarison  to  make.  The  weights 
in  normal  animals  of  correspondinK  ane  obviously  cannot  be  eomiiared  with  the  hy- 
popln-sectomized  ones  given  transplants.  The  latter,  so  far  as  an  increase  in  body  and 
organ  weights  is  concerned,  had  periods  of  2  or  5  months  droiijied  out  of  their  lives  before 
the  transplantations  wore  done.  During  this  period  the  epiiihyseal  discs  and  the  organs 
discussed  hen*  umlerwent  a  pronounced  atrojihy.  This  atrophy  had  first  to  be  repaired 
by  the  secretions  of  the  transplants  before  the  structures  attaini'd  their  i)rehypo|)hv- 
sectomy  condition.  This  involved  an  additiomll  jx'riod  of  time.  Percentages  of  organ 
weights  to  body  weights  have  been  comjiuted  but  they  do  not  add  to  the  comjiarison  of 
medians  and  ranges.  . 
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may  aid  in  an  exjjlanation.  Tliis  analysis  will  he  presented  in  another  coni- 
mnnieation. 
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THE  PHYSIOLOGICAL  FRACTIONATION  OF  PITUITARY 
GONADOTROPIC'  FACTORS  C'ORRELATED  WITH 
C'YTOLOGICAL  CHANGES' 

A.  A.  HELLBAUM,  L.  G.  McARTHUH,  P.  J.  CAMPBELL 
AND  J.  C.  FINERTY 

Department  of  Pharmacology,  Oklahoma  University  School  of  Medicine, 
Oklahoma  City,  Oklahoma,  and  Department  of  Anatomy,  University 
of  Miami  School  of  Medicine,  Coral  Gables,  Florida 

ABSTRACT 

Removal  of  estrogt'ii  or  androgen  influence  by  gonadeetoniy  and  the  con¬ 
trolled  administration  of  gonadal  steroids  resulted  in  regulation  of  the  concen¬ 
tration  of  follicle  stimulating  (FSH)  and  luteinizing  (LH)  factors  in  pituitary 
glands  of  young  adult  rats.  These  physiological  changes  were  correlated  with 
cytological  findings. 

(lonadectomy  in  both  sexes  results  in  a  marked  increase  in  both  LH  and 
FSH  in  the  j)ituitary  as  well  as  a  corresponding  increase  in  the  red  and  purple 
(F.\S-Methyl  blue  staining)  pituitary  gonadotropes.  The  administration  of 
the  equivalent  of  3  ^g.  of  estradiol  benzoate  per  day  over  a  45-day  period  stimu¬ 
lates  depletion  of  LH.  FSH  is  also  markedly  decreased.  The  cytological  picture 
shows  very  few  red  but  some  purple  gonadotropes.  On  the  other  hand,  the 
administration  of  the  equivalent  of  3  mg.  of  testosterone  propionate  per  day 
over  a  45-day  period  also  depletes  the  LH  but  the  FSH  content  remains  high 
and  the  correlated  cytological  findings  show  a  corresponding  decrease  in  the 
red  gonadotropes,  but  with  little  effect  on  the  purple  ones.  These  findings 
show  that  FSH  and  LH  can  be  differentiated  by  physiological  means  and  sup¬ 
port  the  concept  that  the  red  gonadotropic  cells  are  related  to  LH  profluction 
or  storage,  and  the  purple  ones  to  FSH  ])roduction  or  storage. 

The  chemical  fractionation  of  the  pituitary  gonadotropic  complex  into 
separate  follicle  .stimulating  (FSH)  and  luteinizing  (LH)  has  been  ac- 
compli.shed  with  varying  degrees  of  success  (1-7).  The  present  report  deals 
with  physiological  methods  of  obtaining  FSH  e.s.sentially  free  from  LH, 
altering  the  level  of  LH  and  correlating  the  pituitary  gonadotropin  content 
with  cytological  changes  in  the  anterior  lobe  of  the  pituitary  gland.  Pre¬ 
vious  reports  have  shown  that  both  estrogens  and  androgens  .stimulate 
liberation  of  pituitary  LH  (8-10). 

METHODS  AND  PROCEDURES 

.\ltcrations  in  FSH  and  LH  concentrations  in  the  pituitary  glands  of  normal  young 
adult  male  and  female  Sprague-Dawley  or  Holtzman  rats  were  determined  under  the 
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following  conditions:  1)  normal,  untreated;  2)  gonadeetomized,  untreated;  3)  gonadcc- 
tomized,  treated  for  45  days  with  estradiol  benzoate;  and  4)  gonadectomiz(>d,  treated  for 
45  days  with  testosterone  propionate. 

An  intt'rval  of  at  least  two  months  was  allowed  after  removal  of  the  gonads,  to  permit 
changes  in  the  pituitary  gland  to  stabilize  before  estrogen  or  androgen  was  administered. 
The  gonadal  steroids  were  injected  subcutaneously,  every  other  day,  in  0.05  ml.  of  puri¬ 
fied  sesame  t)il.  This  is  the  amount  previously  determined  to  be  absorbed  in  a  48  to  72 
hour  period. 

After  administration  of  the  st(‘roids  on  alternate  days  over  a  period  of  45  days,  pitui- 
taries  were  removed,  and  FSH  and  LH  activities  evaluated  and  cytological  studies  made. 
The  pituitary  glands  were  prepared  for  assay  by  placing  them  into  acetone  immediately 
upon  removal,  changing  the  acetone  twice,  permitting  the  pituitaries  to  airdry,  placing 
in  vials  and  storing  in  the  dark.  In  this  form  the  gonadotropic  factors  remain  stable 
indefinitely. 

.\t  the  time  of  assay,  the  dried  pituitary  glands  were  weighed,  and  then  ground  indi¬ 
vidually  in  a  special  small  glass  “pestle  and  mortar”  de.scribed  previously  (11).  The 
])owdered  material  was  suspended  in  saline  or  distilled  water.  Test  animals  were  either  21 
days  old  normal,  or  immature  hypophysectomized,  female  Sprague-Dawley  or  Holtzman 
rats.  Each  was  injected  with  0.5  ml.  of  pituitary  suspension,  twice  daily  for  3  days;  then 
autopsied  120  hours  after  the  first  injection. 

At  the  time  of  aiitojisy  the  ovaries  were  examined  grossly,  with  the  aid  of  a  strong 
indirect  light,  to  observe  degree  of  follicular  stimulation  and  presence  or  absence  of 
lutein  tissiK*.  Ovaries  in  which  there  was  any  (piestion  concerning  luteinization  were 
prepared  for  inicroscopic  examination;  ai)proximately  one-half  of  the  ovaries  were  thus 
examiiu'd  histologically.  However,  the  experieiua*  gaimal  from  the  examination  of  many 
ovarit's  has  ma(h‘  it  possible  to  correlate*  gross  observations  closely  with  microscopic 
findings. 

Pituitary  glands  to  be  studied  microscopically  were  fixed  in  buffered  10%  formol- 
saline,  and  stained  with  the  modified  PAS-Methyl  blue  stain  described  by  Rennels  (12) 
and  Hildebrand,  Rennels  and  Finerty  (13). 

RESULTS 

I.  Pituitary  FSH  and  LH  Content 

Alteration.s  in  FSH  and  or  LH  levels,  as  well  as  in  morphology,  occurred 
in  the  pituitary  glands  of  both  males  and  females  following  gonadectomy, 
and  after  gonadectomy  followed  by  administration  of  e.stradiol  benzoate  or 
testosterone  propionate. 

A.  Pituitary  glands  of  female  rats.  Data  on  the  females  are  pre.sented  in 
Table  1.  The  extent  and  type  of  ovarian  re.sponse  resulting  from  the  ad¬ 
ministration  of  normal  adult  female  rat  pituitaries,  whether  tested  in  nor¬ 
mal  or  hypophy.sectomized  immature  recipients,  were  similar.  The  ovaries 
of  all  the  recipients  contained  lutein  tis.sue.  In  addition,  all  of  the  pituitaries 
from  animals  in  which  the  estrogen  influence  had  been  removed  by  ovari¬ 
ectomy  two  months  previously  were  found  to  have  a  marked  increase  in 
l)oth  LH  and  FSH  over  the  pituitaries  of  normal  rats.  Thus  4-6  glands  from 
unspayed  animals,  weighing  dry  11.5  to  13.9  mg.,  induced  less  ovarian 
'timulation  than  did  one-half  of  a  pituitary  (1.5  mg.  dry  weight)  of  a 
'Payed  animal.  The  ovaries  of  all  of  the  50  recipients  used  to  assay  the 
pituitaries  of  the  spayed  donors  were  heavily  luteinized. 
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Table  1.  (^rALiTATivE  t’iiAN<;Es  i.\  the  FSHrLH  coni'entrations  kk  female  hat  pitl'i- 

TAKIES  FOLLOWINCi  1)  S1>AYI\(;,  2)  SPAYISii  AM)  F:.STH()(iE.\  ADMINISTRATION, 

ANT)  3)  SI'AYINTi  ANT)  ANDROOEN  ADMINISTRATION  AS  REFLEFTED  IN 
THE  OVARIES  OF  NORMAL  ANT)  HYI’OPHYSECTOMIZED  IMMATI  RE  HATS 


linmaturp  IVinale  rpcipients 
Adult  fpinalc  (loiior  pituitai'ips  -  - ^ 


.\v.  total  1 
amt.  j)it. 
tis.  iiij. 
per  rat 

(inuJ 

Ovarian  weiKhts 

XiimhiT' 

haviiiK 

1  No. 

RaiiKC  .\veraKf 

Type 

No. 

Foil.  1 
only 

(IIIK-I  ! 

('.L. 

I  Normal  reeipicuits 

Xormul 

.3(1 

(> 

11..')  ! 

Hi-  .Til  34 

— 

(1 

Sj)!iy<Ml  — 2  HID. 

18 

8 

!  18 
l() 

2.‘» 

1  .4 

28  il3  73 

lit  Util  .'>2 

— 

18 

1(1 

Spayed — 2  mo. 

3mK.  F.B./<iay/4o(la. 

! 

13 

it. 8 

21-  73  41 

10 

3 

Spayed  2  ino. 

3  in<r.  T.P.  'd.Ty/4.T  da. 

14 

28 

1  .4 

22-  71  .3(1 

23 

1 

Hypophysectomized  recipients 

Normal 

24 

4 

13. it 

:  lit  34  2il 

■4 

Spayed  2  mo. 

8 

Hi 

1  . 

28-  7.3  '  4(1 

:  1(1 

Si)ayed  2  mo.  : 

3 /UK.  F.B./day  74.5  ila.  | 

U) 

8 

1 

il.il 

1  27-41  .32 

8 

:  — 

Spayed  2  mo. 

3  niK.  T.P./<lay/4.T  da. 

s 

1  Hi 

1  .4 

1  2(1-  48  31 

1  l.T 

,  1 

F.B.  =pstradiol  hpiizoatc'. 

T.P.  =  tpstosteroiip  jiropioiiatc. 
('.I-.  =  (’orpora  lutea. 


Similar  donor  adult  female  rats  that  had  been  spayed  two  months  pre¬ 
viously  were  injected  with  G  fxg  of  estradiol  benzoate  every  other  <lay  for  a 
period  of  4o  days.  Two  pituitary  glands  from  animals  so  treated,  and  weigh¬ 
ing  on  the  average  9.8  mg.  after  acetone  desiccation,  were  administered  to 
each  of  13  normal  and  8  hypophysectomized  recipients.  The  ovaries  of  10 
of  the  normal  recipients,  and  of  all  of  the  hypophysectomized  recipients, 
contained  follicles  only,  indicating  ab.sence  or  low  levels  of  LH.  Other 
animals  have  received  as  little  as  1  /xg.  estradiol  benzoate  per  daj'  for  the 
same  period  of  time,  with  similar  results. 

Testosterone  propionate  in  dosages  equivalent  to  3  mg.  per  day  was  ad¬ 
ministered  over  a  period  of  45  days  to  22  young  adult  donor  animals,  be¬ 
ginning  two  months  after  ovariectomy.  The  pituitaries  of  these  animals 
were  assayed  in  normal  and  hypophysectomized  immature  rats.  The 
ovaries  of  23  of  the  28  normal  test  rats,  and  of  15  of  the  IG  hypophysecto¬ 
mized  animals,  showed  follicular  development  only.  Luteinization  in  vary¬ 
ing  degrees  was  found  in  the  ovaries  of  only  six  of  the  44  test  animals. 

Although  androgen  and  estrogen  both  deplete  the  pituitary  of  LH,  the\’ 


I'l'..  2.  (ioiiiKlcctomizcd  tlircc  montlis, 
then  iijcctcd  witli  estradiol  l)enzoat(‘.  3 
UK-  (1  v  45  days.  'I'lie  red  cells  are  dei)leted 
:inil  a  cw  seatterefl  ))urple  cells  remain. 


Kig.  a.  (Joiiadi'ctomized  three  months, 
then  injected  with  testosti'rone  |)roi)ionate, 
3  nif^.  (lay  45  days.  Red  e(41s  ahscmt  while 
the  numl)er  of  i)ur|)le  cells,  which  increased 
followiiiff  fionadeetomy,  remained  hifth. 


P'iGs.  1-3.  Histolofjieal  apjaairaiiee  of  the  anterior  pituitary  ftl.ands  of  adidt  temaie 
rats.  RAS-methyl  hlue  stain,  X342. 
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TaBLK  2.  (p  AI.ITATIVi;  CHANGES  IN  THE  FSHiLH  ( ONCENTHATIONS  OK  .MALE  RAT  PIT!  I- 
TARIES  FOLLOWING  1)  CASTRATION,  2)  CASTRATION  AND  ESTRO(;EN  A  DM  I N  I.STR  ATIO  N , 

AND  3l  CASTRATION  AND  ANDROGEN  ADMINISTRATION  AS  REFLECTED  IN  THE 
o%  ARIES  OF  NORMAL  AND  H Y  1*0 PH YSECTO.M IZED  I.MMATCRE  RATS 


-Vdult  m;il(‘  donor  pituitaries 

Immature  lemalc' 

recipifuits 

.Vv.  total 
amt.  pit. 
tis.  iuj. 
jier  rat 

(IU(J.) 

Ovarian  weights 

XuiuImt 

L.. 

Type 

No. 

No. 

Range 

ling 

.\verage  ^ 

•'  i 

F(dl. 

only 

C.l,. 

Normal  recipients 

Normal  adult 

3.5 

14 

5 . ') 

21  .57 

31 

12 

2 

( 'ast  rated  2  mo. 

1 1 
li 

22 

2A 

2.1 

1  .11 

3(i-it7 

17  .51 

(17 

30 

22 

2A 

Castrated  2  mo. 

32 

Hi 

n  li 

2.5  111 

17 

14 

2 

3  MU-  F..H.  (Iay/4.T  da. 

Castrated  2  mo. 

14 

2S 

1  li 

32  S3 

.51 

21 

1 

3  111(1.  T.l’./day  4.5da. 

Hypopliysi'ctomizecl  recipient 

Normal  adult 

44 

1  1 

S.S 

2S  411 

3(1 

10 

1 

Castrated  2  mo. 

IS 

2.0 

311  -  .57 

4(1 

IS 

('ast rated  2  mo. 

22 

1  1 

o.s 

1.5  47 

34 

1 1 

3  aU-  F..H.  day  4.5  da. 

( 'ast rated  2  mo. 

7 

14 

1  .7 

2S  .53 

41 

13 

1 

3  iiift.  T.l’.  '(lay/45  (l:i. 

F.H.  =pstra(iiol  lipiizoatc. 

T.l*.  =  test ostoroiip  propioiiaf c. 


(litter  ill  their  ett'eets  on  pituitary  levels  of  FSII.  Ivstradiol  benzoate  de¬ 
creases  the  concentration  of  FSll  as  well  as  of  LI  I,  whereas  testosterone 
propionate,  at  the  dose-level  used,  does  not  affect  FSII  to  any  apprecialile 
extent. 

li.  Pituitary  glands  of  male  rats.  Table  2  shows  the  response  in  normal 
and  hypophysectomized  recipients,  to  the  administration  of  various  type.' 
of  young  adult  male  pituitaries.  Contrary  to  the  gonadotropic  activities  in 
intact  female  rat  pituitaries,  those  of  normal  males  stimulated  corporn 
lutea  in  the  ovaries  of  only  three  of  the  25  test  animals.  This  observation 
confirms  previous  reports  that  the  pituitary  gonadotropin  content  of  nor¬ 
mal  male  rats  is  primarily  FSII  (10,  11). 

On  the  other  hand,  removal  of  the  testicular  influence  by  castration 
alters  the  pituitary  gonadotropic  complex  from  predominance  of  FSII  to 
high  levels  of  LI  I.  Heavy  luteinization  was  seen  in  the  ovaries  of  all  04  re 
cipients,  assaying  the  pituitaries  of  castrated  males  (Table  2).  Also,  om 
fourth  of  a  pituitary  gland  from  a  ca.strated  male  rat  (ecpial  to  one  mg.  oi 
dried  pituitary  powder)  was  found  to  increase  the  weight  of  the  ovaries  ol 
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assay  animals  as  much  as  did  two  and  a  lialf  pituitaries  from  intact  animals 
(5.0  mg.  dried  weight). 

Similar  adult  males,  that  had  been  castrated  two  months  previously, 
were  injected  with  G  mS  of  estradiol  l)enzoate  every  other  day  over  a  period 
of  45  days.  In  the  ovaries  of  the  recipients  testing  these  pituitaries,  only 
two  of  the  IG  normal  and  none  of  the  hypophysectomized  test  animals,  con¬ 
tained  lutein  tissue. 

That  androgen,  like  estrogen,  stimulates  release  of  LH  was  demonstrated 
by  a  group  of  21  castrated  male  rats  which  received  G  mg.  of  testosterone 
propionate  every  other  day  over  a  period  of  45  days.  The  pituitaries  of 
these  donor  animals  were  administered  to  normal  and  hypophy.sectomized 
recipients.  Corpora  lutea  were  found  in  the  ovaries  of  oidy  four  of  the  28 
normal  test  animals;  and  of  only  one  of  the  14  hypophysectomized  re¬ 
cipients. 

II.  Ci/toloyical  Changes 

It  is  generally  known  that  estrogens  and  androgens  may  affect  the  pitui¬ 
tary  gland  not  only  functionally  but  also  structurally.  A  relationship  be¬ 
tween  cytological  structure  and  pituitary  gonadotropic  activity  can  today 
hardly  be  questioned. 

Reports  of  Purves  and  (Jriesl)ach  (14)  suggest  that  peripherally  .situated 
basophil  gonadotropes  in  the  pituitary,  distinguished  by  coarse,  intensely 
PAS  staining  cytoplasmic  granulation  due  to  glycoprotein,  are  responsible 
for  secretion  of  FSII.  Centrally  located  basophil  gonadotropes,  having  a 
finer  granulation  and  less  intense  glycoprotein  reaction,  are  considered  by 
them  to  be  the  source  of  LI  I.  These  conclusions  appear  to  be  supported  by 
electron  microscope  studies  by  Farcjuhar  and  Rinehart  (15).  But  Ililde- 
l)rand  et  al.  (15),  although  accepting  the  existence  of  two  types  of  ba.sophil 
gonadotropes,  consider  the  peripheral  ones  to  be  LI  I  .secret ors  and  the  cen¬ 
tral  ones  to  be  the  FSII  producers.  The  latter  study  utilized  the  PAS- 
inethyl  blue  techni(iue  (12)  which  differentiated  “red”  and  “purple” 
gonadotropes. 

In  the  pre.sent  study,  gonadectomy  was  found  to  result  in  an  extensive 
increase  in  number  and  .size  of  red  and  purple  basophils,  with  concomitant 
granulation  and  vacuolization  in  both  peripheral  and  central  areas  (Fig.  1). 
The.se  changes  were  related  to  increa.ses  in  both  FSII  ami  LII,  as  demon¬ 
strated  in  test  animals.  Following  administration  of  estradiol  benzoate, 
cytological  study  revealed  a  decreased  number  of  basophils  in  the  angles 
adjacent  to  the  pars  intermedia  as  well  as  in  the  central  zone,  with  loss  of 
vacuolation  and  granulation,  and  moderate  increa.se  in  chromophobes 
Fig.  2).  This  cytological  picture  correlated  well  with  the  decreased  FSII 
ind  LII  content,  and  tended  to  be  similar  to  that  seen  in  intact,  uninjected 
•ontrol  rats. 

Testosterone  propionate,  in  dosages  of  3  mg.  daily,  reduced  the  number 
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Table  3.  Correlation  ok  cvtological  kindixijs  with  physioloihcal  response  in  piti  i- 

TARIES  of  normal,  GONADECTOMIZED  AND  TREATED  ADULT  MALE  AND  FEMALE  RATS 


Type 

Cytologieal  findings 

Physiologieal  results 

Normal  female 

4-0%  basophils,  both  red  and 
purple  type  gonadotropes 

P'SH  and  LH  present 
(weak) 

Normal  male 

8-10%  basojihils,  preponder- 
anee  of  purple  type 

'  More  gonadotropie  ac¬ 
tivity  -mostly  FSH 

Gonadeeomized  (both  sexes) 

i  Extensive  inerease  in  both 
red  and  purple  types 

Inerease  in  LH  and 
FSH  (greater  LH) 

tionadeetomized  (both  sexes),  treat- 
<-d  with  estradiol  benzoate 

Very  few  red — ^some  juirple 
:  eells  remaining 

,  No  LH.  .Marked  de¬ 
crease  in  F'SH 

(ionadeetomized  (both  sexes),  treat¬ 
ed  with  testosterone  propionate 

Depletion  of  red  eells  while 
{uirple  r«‘main 

No  LH.  F’SH  eoneen- 
tration  nunains  high 

of  red  gonadotropes  so  that  it  was  difficult  to  find  any  in  a  representative 
microscopic  section.  However,  an  abnormally  high  number  of  purple 
gonadotropes  remained  (Fig.  3).  The  number  of  purple  cells  is  somewhat 
similar  to  that  seen  in  early  castration,  described  by  Hildebrand  ct  nl.  (13). 

Decrease  in  total  gonadotropin  content  of  the  pituitary  glands,  after 
estradiol  administration,  was  accompanied  by  decreases  in  both  purple  and 
red  gonadotropic  cells.  Testosterone  administration,  on  the  other  hand,  de¬ 
creased  the  number  of  red  gonadotropes  but  had  little  effect  on  the  purple 
ones.  These  observations,  coupled  with  the  animal  assay  data  showing  a  de¬ 
crease  in  LH  but  little  change  in  FSH,  support  the  concept  that  the  red 
gonadotropes  are  related  to  LH,  and  the  purple  ones,  to  production  or 
storage  of  FSH.  These  relationships  are  summarized  in  Table  3. 

DISCUSSION 

The  pituitary  glands  of  male  rats  with  intact  gonads  contain  little  or  no 
LH;  whereas  those  of  female  rats  with  intact  gonads  contain  both  FSH 
and  LH.  Removal  of  the  gonadal  influence  by  castration  of  either  sex  re¬ 
sults  in  a  marked  increase  in  LH  as  well  as  FSH  in  the  pituitary.  Whether 
this  is  primarily  the  result  of  reduced  liberation,  or  of  increased  production, 
is  not  known.  It  is  well  known  that  in  women  following  ovariectomy,  or  in 
the  menopause  when  ovarian  function  is  diminished,  the  gonadotropic 
activity  in  the  blood  and  urine  is  predominantly  F'SH.  This  has  also  been 
found  true  for  rats  following  castration  (8).  It  would  thus  appear  that  the 
liberation  of  LH  from  the  pituitary  is  markedly  decreased  in  the  absenci 
of  gonadal  secretions. 

If,  howev’er,  gonadectomized  rats  are  injected  with  sufficient  estrogen  foi 
a  period  of  45  days,  the  pituitary  LH  which  had  increased  following  castra 
tion  is,  in  most  instances,  no  longer  demonstrable.  Thus  estrogen  appar 
ently  induces  the  liberation  of  LH.  The  concentration  of  LH  has  been  founi 
to  increase  in  the  urine  of  menopausal  women  during  the  early  stages  o 
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estrogen  treatment  (16).  In  the  same  women,  FSH  decreases  in  the  blood 
and  urine  under  estrogen  influence.  The  changes  in  concentration  of  these 
substances  in  the  pituitary,  as  well  as  in  the  blood  and  urine,  may  well  de¬ 
pend  upon  the  time  when  the  observations  are  made. 

The  effects  of  androgens  are  similar  to  those  of  estrogen  in  some  respects, 
yet  different  in  others.  Androgens,  like  estrogens,  induce  release  of  LH 
from  the  pituitary,  and  decrease  the  concentration  of  FSH  in  the  blood 
and  urine.  But  under  androgen  influence  the  residual  pituitary  FSH  re¬ 
mains  high.  Greep  and  Jones  (10)  have  reported  that  pituitary  FSH  in¬ 
creased  in  intact  female  rats  following  testo.sterone  treatment.  Using  a 
different  experimental  method,  Hoogstra  and  Paesi  (17)  stated  that  the 
administration  of  two  mg.  of  testosterone  daily  increased  the  pituitary 
FSH  content  of  intact  and  gonadectomized  rats  of  both  sexes.  However, 
recently  Paesi  et  al.  (18)  reported  that  if  the  daily  do.'^e  of  testosterone  pro¬ 
pionate  was  limited  to  100  mK-j  the  pituitary  FSH  content  of  the  intact  fe¬ 
male  was  increased  but  not  that  of  the  intact  male  or  the  gonadectomized 
animal  of  either  .sex.  It  thus  appears  that  androgen  may  not  induce  release 
of  FSH  from  the  pituitary,  whereas  estrogen  interferes  with  FSH  produc¬ 
tion  as  well  as  its  release.  Therefore  in  considering  the  reciprocal  relation¬ 
ships  of  gonadal  and  pituitary  hormones,  it  is  essential  to  consider  the 
production  of  each  pituitary  factor  independently  of  its  release;  the  com¬ 
monly  used  descriptive  terms  “inhibit”  and  “.suppre.ss”  are  not  adequate. 

In  this  investigation,  all  of  the  pituitary  glands  from  rats  that  had  been 
gonadectomized  but  received  no  gonadal  hormone  treatment,  induced 
luteinization  in  the  ovaries  when  injected  into  immature  animals.  With  a 
few  exceptions,  the  pituitary  glands  of  the  castrated  donor  rats  receiving 
the  equivalent  of  3  /xg-  of  e.stradiol  benzoate  or  3  mg.  of  te.sto.sterone  pro¬ 
pionate  per  day  for  45  days,  induced  no  vi.sible  luteinization  in  the  ovaries 
of  most  of  the  test  rats.  The  question  thus  arises:  why  did  the  pituitaries 
from  a  few  of  these  latter  animals,  or  from  others  receiving  higher  dosages 
of  estrogen  or  androgen,  continue  to  induce  luteinization?  Hegardless  of  the 
level  to  which  the  dosage  of  estrogen  or  androgen  was  raised,  the  point  was 
never  reached  where  the  ovaries  of  all  of  the  test  rats  were  completely  free 
of  lutein  tissue.  This  could  be  explained  in  part  by  individual  variation  in 
sensitivity  of  the  ovaries  of  the  test  animals  to  pituitary  .stimulation,  or  by 
interference  by  the  test  animal’s  own  pituitary  in  the  normal  animals  or  in 
tho.se  where  hypophy.sectomy  might  through  inadvertence  not  hace  been 
complete. 

Individual  variation  in  the  responsiveness  of  the  donor  rat’s  pituitary  to 
the  influence  of  the  gonadal  steroids  mu.st  also  be  considered.  Such  a  vari¬ 
ability  exists  in  women,  who  do  not  all  exhibit  consistently  high  urinary 
FSH  titers  following  bilateral  ovariectomy. 

It  has  been  held  that  the  chemical  fractionation  of  gonadotropins  into 
separate  FSH  and  LH  factors  is  an  artifact  resulting  from  chemical  treat- 
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merit.  But  the  diffeieiiees  in  ovarian  re.sponses  obser  ved  in  this  study  could 
not  be  due  to  chemical  manipulation,  since  the  treatment  was  uniform  and 
was  limited  to  desiccation  by  use  of  acetone.  In  another  study,  not  re¬ 
ported,  some  of  the  pituitaries  were  merely  macerated  between  two  glass 
slides  and  permitted  to  airclrw  instead  of  being  desiccated.  The  results  in¬ 
duced  by  these  air  dried  pituitaries  were  .similar  to  those  of  pituitaries  desic¬ 
cated  in  acetone. 

Since  an  unpublished  stud\'  assaying  FSH  preparations  by  both  ovarian 
follicle  development  and  stimulation  of  mice  uteri  showed  that  there  was 
no  correlation  between  r’esults  of  these  two  procedui’es,  the  criteria  used  in 
the  present  study  for  evahrating  changes  in  the  pituitary  hormones  have 
been  1)  for  P'SH,  follicle  development  and  2)  for  LH,  luteinization  in  the 
ovaries  of  the  immature  r’ecipient  rats.  The  differences  in  uterine  and 
ovarian  responses  to  gonadotropic  stimulation  may  account  in  part  for  the 
disparity  of  published  results  I'egar’ding  the  measurement  of  pituitar’y  FSII. 
Quantitative  or  qualitative  evaluation  of  FSH  by  uterine  response  has 
some  acceptance,  but  is  open  to  question.  FSH  does  not  .stimulate  the 
uterus  directly;  and  it  is  doirbtfirl  whether  purified  FSH  alone  will  stimu¬ 
late  the  rrterirs  indirectly  through  the  ovary,  since  estrogen  prodirctiorr  is 
lacking  (19). 

Furrctional  activity  of  the  ovary  is  influertced  by  the  irrteraction  of  vary¬ 
ing  arnoirnts  of  FSH  and  LH,  together  with  a  number  of  other  “augment¬ 
ing  sulr.stances”  (20,  21,  22).  .lust  as  ovarian  response  is  modified  by  .srrb- 
starrces  other  tharr  pitrritary  gorradotropins,  charrges  in  the  uterirs  may 
likewise  not  be  solely  dependent  upon  ovarian  secretions. 

The  effects  of  pitrritary,  blood,  and  irrirrary  substances  on  the  irterus  in 
the  intact  animal  represent  a  composite  action  both  directly  and  indirectly 
through  the  ovary,  of  a  number  of  stimulating  or  modifying  factor-s,  of 
which  FSH  is  but  one.  The  terms  “follicle  stimulating”  arrd  “hrteinizirrg” 
can  apply  only  to  the  gonad.  No  objection  woirld  of  coitrse  be  made  to  call- 
irrg  the  effects  on  the  mouse  irterus,  “irterotropic”  or  effects  on  ventral 
pr’ostate  of  the  rat  “prostatropic,”  or  to  using  .such  procedures  to  assay  cer¬ 
tain  gonadal  hormones.  It  would  be  desir-able  to  eynhinteJuncliotKil  changes 
in  ovarian  target  organs,  indirectly  produced  by  pituitary  hormones,  but 
no  .satisfactory  cr-iteria  exist  at  the  present  time  for  such  measurements. 
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THE  RESPONSE  OF  HYPOPHYSECTOMIZED  -MICE  TO  INJECTIONS 
OF  HUMAN  SERUM  CONTAINING  LONG-ACTING 
THYROID  STIMULATOR 

ABSTRACT 

Human  serum,  obtained  from  a  patient  with  Graves’s  disease  and  containing  a 
high  level  of  long-acting  thyroid  stimulator,  elicited  highly  significant  responses 
when  injected  into  hypophysectomized  mice.  The  mean  response  did  not  differ  sig¬ 
nificantly  from  that  elicited  in  a  control  group  of  intact  mice.  This  shows  that  the 
site  of  action  of  the  abnormal  thyroid  stimulator  is  not  the  pituitary  gland  and 
makes  it  likely  that  the  material  acts  directly  on  the  thyroid. 

Serum  from  cases  of  Graves’s  disease  has  been  shown  to  contain  a  thyroid-stimulating 
substance  which  differes  from  thyrotrophin  in  that  it  stimulates  thyroid  secretion  for  a 
longer  time  after  a  single  injection  (1.  2,  3).  This  long-acting  thyroid  stimulator  has  in 
the  past  been  called  the  “abnormal  thyroid-stimulating  hormone”  and  the  “abnormal 
thyroid  stimulator”  (4). 

The  experiment  reported  below  shows  that  the  presence  of  the  pituitary  gland  is  not 
necessary  for  the  action  of  long-acting  thyroid  stimulator. 

MKTHons 

Mice  were  injected  with  1.5  tiC  of  1*’*  and,  12  hours  later,  with  10  L-thyroxine.  There¬ 
after  they  were  given  drinking  water  containing  a  pancreatic  digest  of  thyroid  tablets,  diluted 
■to  contain  130  mg.  of  thyroid  substance  (B.P.)  per  100  ml.  On  the  second  and  third  days 
after  the  P’*  injection,  half  the  mice  were  hypophysectomized  by  a  method  based  on  that 
of  Thomas  (5).  On  the  fourth  day,  0.05  ml.  of  blood  was  taken  from  each  mouse  by  cutting 
a  tail  vessel.  The  mice  were  then  injected  with  0.1  ml.  of  .serum  from  a  patient  with  Graves’s 
disea.se  (containing  a  high  level  of  long-acting  thyroid  stimulator),  or  0.1  ml.  of  serum 
from  a  euthyroid  j)er.son,  or  0.1  ml.  of  saline.  Sixteen  hours  later  the  mice  were  bled  a  .second 
time.  The  radioactivity  of  the  blood  samples  was  measured.  The  response  to  the  material  in¬ 
jected  was  the  percentage  change  in  the  mou.se’s  blood  radioactivity. 

.\t  the  end  of  the  experiment  the  completeness  of  hypophysectomy  was  checked  by 
making  a  post-mortem  inspection  of  the  .sella  turcica  using  a  dissecting  microscope.  Results 
which  had  been  obtained  from  animals  which  were  found  to  have  a  visible  pituitary  remnant 
were  discarded. 

Using  I'®',  we  have  tested  the  thyroid  activity  of  mice  hypophy.sectomized  in  our  labora¬ 
tory,  finding  it  to  be  greatly  reduced.  Three  weeks  after  the  operation,  14  mice  which  were 
subsequently  found  to  have  no  visible  |)ituitary  remnants  had  a  mean  24-hour  thyroid  uptake 
of  1.2  ±0.2%,  compared  with  18  ±3.7%  in  9  unoperated  controls.  An  operated  animal  with 
a  large  pituitary  remnant  had  an  uptake  of  22%. 

RESULTS 

Hypophysectomized  mice  do  not  tolerate  intravenous  injection  of  serum  as  well  as 
do  intact  mice.  Therefore,  we  made  control  injections  of  euthyroid  human  serum  in  ad¬ 
dition  to  control  injections  of  saline.  The  level  of  thyrotrophin  in  euthyroid  human  serum 
is  too  low  to  elicit  significant  respon.ses  in  the  assay  animals  (6),  and  none  were  obtained 
on  this  occasion  (Table  1). 

Long-acting  thyroid  stimulator  elicited  highly  significant  responses  in  both  the 
hypophysectomized  and  the  intact  mice  (Table  1).  The  mean  response  in  the  hypophy¬ 
sectomized  mice  was  481.  That  in  the  intact  mice  was  431.  These  values  do  not  differ 
from  each  other  significantly. 


Received  May  10,  1900. 


154 


Januari/,  IH61 


XOTKS  AND  COMMENTS 


loo 


'I'ablk  1.  The  IG-iioi  k  kesponses'  eiociteh  by  seri  m  from  a  patient  with  (Iraves’s 

DISEASE  (coNTAIMNIi  A  HKill  LEVEL  OF  LOXG-ACTI\<i  THYROID  STIMI'LATOR) 

AND  BY  EI  THYROID  HI  MAN  SERl'M  WHEN  INJECTED  INTO  HY- 
POPHYSECTO.MIZED  AND  INTACT  MICE 


Hypophysectomized  mice  |  Intact  mice 


•Material 

injected 

long-acting 

thyroid 

stimulator 

Euthyroid 

serum 

long-acting  ' 
thyroid 
stimulator 

Euthyroid 

serum 

Saline 

No.  of  mice 
Mean  response 

10 

481 

11 
-  17 

12 

431 

8 

2 

9 

-  12 

P  for  difference 

<0. 

001 

'  <0 

.01 

‘  The  response  is  tlu‘  percentage  change  in  the  lilood  level  of  the  assay  mice  following 
injection  of  the  material  being  assayed. 


DISCU.SSION 

It  is  apparent  tliat  long-acting  thyroid  stimulator  has  undiminished  activity  in 
hypopliysectomized  mice.  This  sliows  that  it  does  not  act  on  the  thyroid  indirectly  by 
stimulating  iiituitary  thyrotroiihin  secretion.  Therefore,  it  is  probable  that  its  site  of 
action  is  the  tliyroid  gland  itself. 

Out  findings  confirm  fhe  previous  work  of  Munro  (3),  who  found  long-acting  thy¬ 
roid  stimulator  to  be  effective  in  three  hypophysectomized  mice. 
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ADRENAL  CORTEX  FCNCTIONAL  ZONATION  IN 
THE  WHALE  (PHYSETKR  CATADOXy 

ABSTRACT 

Adrenal  glands  from  adidt  sperm  whales  (Physeter  catadon)  were  grossly  sej)- 
j)arated  into  the  three  eortieal  zones.  Eaeh  of  these  speeimens  was  subjected  to 
solvent  extractions,  cohimii  and  paper  chromatography.  Chemical  determinations 
of  bital  recovered  aldosterone,  17-hydroxycorticoids  and  17-ketosteroids  wen* 
made.  .Mdosterone  was  present  in  both  the  subeapsular  and  midcortieal  tissue  in 
small  quantities.  17-Hydroxycorticoids  were  recovered  in  all  parts  of  the  cortex,  the 
gr»-atest  amount  in  the  midcortieal  tissue.  1 7-Ketosteroids  were  recovered  in  all 
zones  but  the  majority  was  present  in  the  inner  cortical  tissue.  Tlu'se  findings  siq)- 
port  the  functional  zonation  theory  in  the  largest  of  animals.  The  presence  of  aldo¬ 
sterone  in  the  outer  zones  of  the  adrenal  eort<“X  (‘ven  in  mammals  drinking  sea 
water,  is  noted. 

Evidence  indicates  tliat  each  of  the  zones  of  tlie  adnuial  cortex  is  concerned  with 
secretion  of  different  types  of  adrenal  eortieal  hormones.  Tlie  zona  glomerulosa  is  pri¬ 
marily  responsible  for  the  .secretion  of  aldosterone,  the  zona  faseieulata  for  17-hydroxy- 
eortieoids  and  the  zona  reticularis  for  17-ketosteroids  (1-13).  Previous  studies  have  been 
done  on  adrenals  of  the  rat,  the  dog,  man,  beef  and  other  sjteeies.  Because  of  its  size,  the 
whale  adrenal  afforded  the  theoretical  opportunity  to  separate  the  gland  into  the  thrc'c 
zones  for  chemical  analysis  of  eaeh  zone. 

M.\TKRI.\L  .\NI)  METHODS 

.\dr<‘nal  glands  of  adult  sperm  whales  {Physeter  catadon)  were  securt'd  at  Paita,  Peru, 
South  .\merica.*  One  animal  weiglu'd  ajjproximately  21,708  kg.  and  measurcal  13.4  m.  in 
length,  .\dditional  glands  were  obtained  from  other  animals  of  comparable  size.  The  whales 
were  killed  off  the  coast  of  Peru  at  a  latitude  South  50°  and  15'  and  longitude  West  approxi¬ 
mately  81°  and  32'.  .\mbient  water  temperattire  was  about  21.1°  ('.  The  killed  animals  were 
towed  into  a  shore-based  factory  and  <lissected  within  18  hours  after  death,  .\drenal  glands 
were  pre.served  by  freezing  and  later,  during  transport,  by  immersion  in  05%  ethanol.  The 
adrenal  glands  ranged  from  180  to  272  gm.  in  weight. 

Histologic  sections  were  made.  The  remainder  of  eaeh  of  0  glands  was  separated  by 
means  of  a  razor  blade  into  3  zones  consisting  of  the  outer  4  mm.  of  the  cortex  including  the 
capsular  tissue,  the  midcortex  including  predominantly  zona  faseieulata  and  the  inner 
cortex  consisting  predominantly  of  the  zona  reticularis.  The  separation  into  three  zones  was 
not  perfect,  there  being  undoubtedly  some  overlapping  tissue  present.  Grossly  recognizabli' 
medullary  tissue  was  discarded. 

The  wet  tissue  was  homogenized  and  extracted  with  acetone  and  then  evaj)orated  in  racno 
to  remove  acetone.  Methanol  was  added  to  the  aqueous  pha.se  to  a  final  concentration  of  70%. 
This  was  partitioned  with  Skelly  Solve  B  and  the  latter,  containing  neutral  fats  and  lipids, 
was  discarded.  The  aqueous  methanol  phase  was  then  evaporated  in  vacuo  and  the  remaining 
aqueous  .solution  was  extracted  with  chloroform.  The  chloroform  residue  was  saved  and  sub¬ 
jected  to  silica  gel  column  chromatography.  The  elutrients  used  for  this  purpose  were  mix¬ 
tures  of  acetone  and  chloroform  (1 and  then  1:1)  and  finally  acetone  and  methanol  (1 : 1 1. 
Each  solvent  mixture  was  collected  as  a  single  fraction  and  dried  in  vacuo.  These  residues  were 
subjected  to  17-ketosteroid  (Zimmerman  chromogen)  determination  (14,  15);  17-hydroxy- 
corticoid  determination  by  the  method  of  Silber-Porter  (lb)  and  paper  chromatograjjhic  anal¬ 
ysis  utilizing  both  the  Zafforoni  (17,  18)  and  Bush  (19)  methods,  .\ldosterone  isolated  from 
paper  chromatography,  using  compound  M*  (F)  and  Fa’  (E)  as  markers,  was  cut  out  ami 
eluted  with  methanol  (20)  and  its  concentration  was  estimated  by  Nowaczynski’s  blue  tetra 
zolium  color  reaction  (21). 


RESULTS 

Histologic  study  of  the  adrenal  cortex  showed  considerable  autolysis  of  the  cell' 
The  demarcation  between  zona  glomerulosa  and  zona  faseieulata  was  not  a  sharp  liri  ■ 
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as  ill  the  rat.  dog  or  beef,  hut  was  quite  similar  to  the  demareatiou  of  the  human  adrenal 
gland.  The  results  of  the  ehemieal  analysis  for  aldosterone,  17-hydroxyeortieoids  and 
1 7-ketosteroids  are  tabulati'd  in  Table  1.  The  amount  of  hormone  reeovereil  is  reported 
as  one  figun*  rather  than  jier  100  gm.  of  wet  tissue  beeause  of  the  probability  that  some 
diffusion  of  hormones  out  of  the  glands  into  the  ethanol  oeeurred  during  their  shipment. 
The  iiereentagt'  of  total  hormone  reeovered  in  .separate  zones  showed  that  in  eaeh  zone 
the  majority  of  the  hormone  was  of  the  1 7-ketosteroid  tyjie.  The  pereentage  of  total 
aldosterone  reeovered  was  slightly  greater  in  the  zona  faseieulata  than  in  the  zona 
glomerulosa.  The  jiercentage  of  total  17-hydroxyeortieoids  reeovered  was  greatest  in 
the  zona  faseieulata.  The  pereentagi'  of  1 7-ketosteroids  reeovered  was  greatest  in  the 
zona  reticularis. 


T.\BI.K  1.  C'llKMK  AI.  DKTKRMl  .N  ATIO.X 


Specimen  origin 

And  cluMniral  detenuination 

Total  reerivered  ' 
hormones  from  b 
glands  (/ig.) 

of  total  hor-  ' 
monesreeov-  ; 
eriHi  in  eaeh  zone. 

%  of  total  ■ 
aldosterone 
recovered  from  : 
each  zoiK* 

of  total  17- 
hydroxycorti-  i 
coids  recovered 
from  each  zone  i 

of  total  17- 
ki'tosteroids 
rt'covered  from 
eaeh  zone 

CJlomerulom  (Siibeapsular  tissue) 

i 

i 

Aldosterone 

i:«.6 

6. a  i 

40.8 

17-llvdroxveortieoids 

2:i4.(i 

10.7  ■ 

88.2  ' 

17-Ketosteroids 

18(18.(1 

88. 0 

20.3 

(Ziininenuunn  eliroiiio zens)  ; 

1 

Faseieulata  (Mideortieal  tissue) 

1 

' 

Aldosterone 

1!16,4 

7..') 

.10.2 

1 7- H  vdroxy  c’ort  icoids 

261.0 

10.0 

42.6 

17-Ketosteroids 

2162.0 

82., 5  ’ 

24.8 

(Ziinineriiiann  ehroinom'ns) 

Reticularis  (Inner  eortieal  tissue) 

Aldosterone 

0 

0 

0 

17-Hydroxveortieoids 

117.6 

2.8 

10.2 

17-Ketosteroids 

4‘«)5.() 

07.7 

.55.4 

(Ziniinertuann  ehroiuoseiis) 

DISCUSSION  AND  INTKKPRKT.ATION 

The  results  shown  in  Table  1  have  several  significant  jioints.  The  whale  ri'presents  a 
mammal  which  is  adapted  to  drink  sea  water  with  its  heavy  load  of  sodium,  chloride 
and  other  ions.  Nevertheless  aldosterone  was  present  in  significant  (piantities  in  both  the 
siibeapsular  and  mideortieal  tissue  of  the  adrenal  gland.  The  following  explanation  is 
jiostulati'd  for  a  slightly  greater  iiereentage  being  reeovered  from  mideortieal  tissue 
than  from  the  subeaiisular  tissiu':  (Ireater  diffusion  of  hormone  probably  oeeurred  out  of 
the  siibeapsular  tissue  into  the  surrounding  ethanol  than  from  the  mideortieal  tissue. 
S(‘eondly,  the  total  sainjile  of  outer  cortex  was  of  less  mass  than  the  mideortex.  Thirdly, 
the  separation  Ix'tween  these'  two  zones  was  imperfeet.  It  should  be  noted  that  no 
aldosterone  was  reeovered  from  the  inner  cortical  tissue. 

The  17-hydroxyeortieoids  were  reeovered  in  all  jiarts  of  the  cortex,  the  greatest 
amount  in  the  zona  faseieulata,  which  is  in  keeping  with  previous  studies  on  mammals, 
rndoubtedly  there  was  some  diffusion  betwi'cn  the  zones  from  the  time  the  animal  was 
killed  until  the  adrenal  glands  were  dissected  as  well  as  during  shipment  while  preserved 
ill  ethanol.  The  1 7-ketosteroids  (Zimmerman  ehromogen)  are  of  interest  beeause  of  the 
•elatively  large  amounts  reeovered  in  comparison  with  the  amount  of  17-hydroxyeorti- 
oids  in  all  zones.  But  the  majority  of  1 7-ketosteroids  was  jiresent  in  the  zona  reticularis. 

In  conclusion,  the  thesis  of  functional  zonation  of  the  adrenal  cortex,  previously 
iroven  in  multiple  siieeies  of  smaller  mammals,  ajipears  to  be  also  true  for  the  largi'st 
iiammal. 
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A  NEW  COEOHIMETRK'  METHOD  FOR  THE  QI  ANTITATIVE 
DETERMINATION  OF  STEROIDS  (’ONTAININO  THE 
17a-KETOL  SIDE  ('HAIN' 

ARSTHAC'T 

A  color  reaction  has  been  described  between  a  modified  Nessler’s  reagent  and  a 
niind>er  of  steroids  containing  the  a-ketol  side  chain  at  C-17.  The  s(*nsitivity  of  tlie 
reaction  permits  the  ready  (piantitative  colorimetric  (hdermination  of  a  reactive 
steroid  in  amounts  ranging  from  10  to  IHI  Mg-/5  ml.  solution.  Nonreactive  stt-roids  di<l 
not  interb'i’c  with  color  develoi)ed  in  the  n'action  of  the  reagent  with  a  17-ketol 
sid<‘  chain-containing  steroid.  .Vpplication  of  the  method  to  urine',  and  to  the  recov¬ 
ery  of  stc'roid  from  urine',  is  eh'se'ribe'el. 

A  nunibe'r  of  ejuantitative  proe'oeliire's  have  be'e-n  eleveleepe'd  for  estimation  of  stereeiels 
ceentaiiiing  the  a-kete»l  gre)Uj)ing  at  C-17.  Tlu'sc  metheeels,  hastid  upon  the  re-elin'ing  preep- 
erties  of  the  siele  chain,  inchiele  the  ivelue-tiem  of  ce)i)per  (1),  ferricyaniele  (2,  3),  phosphe)- 
inedybelate  (4)  anel  tetrazediuin  salts  fo). 

The  metheeel  eh'seribed  in  this  pape'r  invedve's  tlie  reaction  of  the  a-ketol  siele  chain  eef 
steroiels  with  a  niejelifie'el  Nessler’s  re'agent  at  jtH  13.5,  resulting  in  the  pre>eluctie)n  eef  a 
ye'lleew  e'eileer.  The'  coleu'  intensity  is  elire'e'tly  preejjeertional  tee  the  ste'reeiel  cone'entratiem 
freein  10  tee  90  /ig.  eef  ste'reeiel.  Ste'reiiels  e-eentaining  other  functiemal  greeiips  but  lacking  the' 
ev-ke'te»l  siele  chain  at  C-17  eh)  neet  re'act  with  the  reagent  uneler  the  ceuielitieens  einpleeye'el. 

K.\l>i;UIMKNT.\L 

lleayi'uts 

Ne'sslcr’s  re'age'iit,  i)re'pare'el  iis  eh'se'ribe'el  by  Ke)e'h  anel  McMe'ckin  ((>). 

0. 1  N  .\e'e‘tie'  aciel. 

0.1%  .\que'e)us  methyle'clluleese'  (l)e)W  Me'l heee'e'l). 

Ne'ssler-acetic  ae'iel  reagent  (pre'i)are'el  elaily):  4  ml.  Ne-ssle-r’s  re'age'tif,  2  ml.  0.1%  me'thyl- 
e'clhilose,  Ki  ml.  0. IN  ae'e'tic  ae'iel. 
h'dliyl  ether:  chleireefeu-m:  3:1  (v/v). 

Ethanol  ])urifie'el  as  eh'se'ribe'el  by  Seebe'l  cl  al.  (7). 

Stereeiels  ei.se'el  were'  highly  leurifie'el  re'fere'iie'e'  sample's  purchase'd  freem  the  Cniteel  States 
l‘harmae'e)pe'ia  eu'  frenn  Dextran  Chemicals,  Inc.  Ste'ieeiels  from  eether  sources  as  inelicateel. 
Othe'r  chemicals  use'el  were'  analytie'al  re'agent  grade. 

I'rorcdure 

Determination  of  steroidu  containing  the  17-ketol  side  chain. 

To  a  solutiem  of  10  te)  HO  /ng.  e)f  stere)iel  in  0.1  ml.  ethanejl  is  aehh'd  1.9  ml.  H.O  feelloweel  by  3 
ml.  Nessler-ae'etic  reage'iit.  Mixing  is  pe-rformeel  by  transferring  the  solution  to  another  test 
tidee  or  a  cuvette.  Within  15  se'ceenels  of  mixing,  the  seelutieen  is  i)laced  in  the  elark  and  color 
alloweel  to  develeip  feer  8  te)  15  minutes.  The  e)ptie'al  ab.sorption  of  the  yelhew,  turbiel  sohition 
is  eh'termineel  at  425  mg.  against  a  blank  e'e)ntaining  all  of  the  above  reactants  except  stere)iel. 
.\  ftylication  to  urine. 

Ten  or  20  ml.  urine  are  adjusteel  te)  pH  4.5  with  dilute  HCl  and  extrae'ted  twice  with  two 
volumes  of  ether-chloroform  reagent.  The  volume  e)f  organic  solvent  is  kept  to  a  minimum  by 
shaking  the  urine  in  5  ml.  portie)ns  with  10  ml.  solvent.  The  extracted  urine  is  pooled  and 
shaken  with  a  seconel  It)  ml.  e)f  e)rganic  phase.  Se)lve'nt  phases  are  combined,  extracteel  4  times 
with  2  ml.  IN  NaOH  eae'h  time,  and  finally  twice  with  2  ml.  portions  of  water.  The  organic 
solvent  phase  is  transferred  to  a  test  tid)e  ami  evaporated  to  dryness  under  a  stream  of  warm 
nitrogen.  The  dried  urine  extract  is  then  treated  as  described  in  preceding  paragraph. 

KKSt'LT.S  .\M)  DISCUSSION 

Figure  1  shows  that  10  to  90  jug.  of  cortisol  can  be  measured  conveniently  in  5  ml. 
fi'ial  solution.*  Optical  absorption  of  the  yellow  color  formed  with  cortisol,  shown  in 

Received  June  15,  1900. 

’  This  investigation  was  aidefl  by  grants  from  the  National  Science  Foundation 
(ii-5711)  and  the  National  Institutes  of  Health,  I’niti'd  States  Public  Health  Service 
('  Y-3154). 

*  The  following  steroids  which  were  studied  at  several  concentrations  also  showed 
li  ear  relationship  between  concentration  and  absorbancx”  cortisone,  corticosterone, 
A  cortisone,  A'-cortisol,  9a-fluorohydrocortisone,  16a-hvdro.\y-9a-fluorohydrocortisone, 
1 '  i!-hydroxy-9a-fluoro-A'-hydrocortisone. 
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Fig.  1.  Rcliitionslup  hot  ween  color  intensity  and  cortisol  concentration. 


Fiijnrc  2,  did  not  reach  a  inaxinuiin  in  the  visible  range.  The  course  of  color  developnuMit 
with  tini(‘  is  illustrati'd  in  Figure'  3.  In  total  darkness,  inaxinuiin  color  intensity  was 
achieved  in  5  minutes.  The  absorbancy  increased  thereafter  at  the  rate  of  0.003  optical 
units  jicr  minute  for  the  next  five  minutes.  P\)r  tliis  reason,  to  assure  reproducible  results, 
all  tubes  weri'  read  after  the  same  time  interval.  Intensitx'  of  color  developed  in  diffuse 
light  was  lower  than  that  develojied  in  total  darkness  and  much  less  stable.  Hi'produci- 
ble  color  devcloiunent  could  not  be  obtained  when  the  reaction  was  allowed  to  procec'tl 
in  the  light. 


Fig.  2.  Optical  absorption  of  yellow 
color  formed  by  reaction  of  cortisol  wi'li 
Xessler-aci'tic  acid  reagi'iit. 
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Fig.  H.  Tiinr  coursi'  of  dovelopiiuMit  of  yollow  color  formed  liy  reliction  of  cortisol 
with  Ncsslcr-acctic  acid  rcaKmit. 


Studies  of  the  reaction  of  steroids  with  Nessler’s  reiifijent  were  performed  initially 
with  liifjher  concentrations  of  Nessler’s  reagent  than  deserihed  in  the  Procedure,  and 
with  either  NaOH  as  HjO  as  diluents.  Tin*  color  formed  was  variahh',  raiif^ins  from  yid- 
low  to  orange  and  with  unpredietahle  intensity.  It  was  found,  however,  that  when  the 
pH  was  adjusted  to  about  13.5  with  acetic  acid  or  hydrochloric  acid,  reiirodueihle  color 
intensities  were  obtained.  Further  reduction  in  jiH  sharply  curtailed  color  formation. 

In  all  experiments  described  above,  0.1%  methylcellulose  was  added  to  the  reagent 
to  stabilize  the  suspension  of  Hgl  formed  by  the  reaction  of  Nessler’s  reagent  with 
steroid.  When  methylcidlulose  was  omitted,  thi'  color  formed  during!;  the  reaction  was 
markedly  increased,  almost  doubling  in  intensit\’,  but  the  decree  of  color  was  not  repro¬ 
ducible.  -Vt  the  sacrifice  of  sensitivity,  but  with  the  Kiiin  of  reproducibility,  methylcellulose 
was  used  in  all  investiKiitions. 

Experiments  were  performed  to  determine  which  constituents  of  Nessler’s  rcai'cnt 
were  responsible  for  the  color  riaiction.  Nessler’s  reagent  is  customarily  prejiared  by  mix¬ 
ing  apiiropriate  amounts  of  iodine,  KI,  mercury  metal  and  NaOH  to  give  an  alkaline 
-solution  of  potassium  mercuric  iodide.  \  miTCury-free  reagent  was  prepared  by  dissolv¬ 
ing  2.25  gm.  iodine  in  a  solution  of  3  gm.  KI  in  water,  diluting  to  20  ml.  with  water 
and  adding  4S.8  ml.  10%  NaOH.  This  solution  gave  no  color  wtih  100  /ig.  of  cortisol. 
Furthermore,  no  color  was  produced  with  steroid  and  HgtNOsji,  NaOH,  or  methylcellu¬ 
lose,  alone  or  in  combination.  Therefore,  the  complete  Nessler’s  reagent  was  essential 
for  color  formation. 

Table  1  summarizes  the  results  of  a  .study  of  a  number  of  steroids  treated  with  tlu- 
Ve.ssler-acetic  reagent  under  the  conditions  described.  Onlj’  steroids  having  the  17-ketol 
Mile  chain  yielded  color  with  the  reagent.  The  color  intensities  per  <>f  most  reactive 
"teroids,  including  the  major  adrenal  steroids,  lie  close  to  that  of  cortisol.  Molar  extinc- 
t  on  coefficients  of  the  acetate  derivatives  were  slightly  higher  than  for  the  free  alcohol 
t  irms.  It  may  be  noted  that  Triamcinolone  and  other  Hi,  17-dihydroxy  steroids  contain- 
i  '.g  the  ketol  side  chain  react  with  the  Nessler-acetic  acid  naigent.  'I'liese  results  are 
1  irticularly  interesting  in  view  of  the  fact  that  thes(>  steroids  could  not  be  measured 
I  'ing  the  Porter-Silber  riaigent  (8).  The  lack  of  reactivity  of  functions  other  than  tin* 
1  T-ketol  side  chain  can  be  seen  from  the  list  of  nonreactive  steroids  in  Table  2.  .\  sample 


102  XOTKS  AND  COMM KNTS  Volume  US 

TaBI.K  1.  HkLATIVK  INTENSITIKS  OK  KEAfTIVE  STEROIDS 


Steroid 

.Absorbancy 
of  40  Mgm. 
steroid 

.Average 

deviation 

Micromolar 

extinction 

coi'llicient 

Cortisol 

0.2(i))  (7)* 

O.OIl 

2.41 

Cortisol  21-acetate 

0.204 (0) 

0.001) 

2.07 

('ortisone 

0.283 (0) 

0.013 

2 .  .55 

Cortisone  21-acetate 

0.272 (8) 

0.021 

2.73 

A'-('ortisonc 

0.283 (2) 

0.002 

2.. 53 

A'-Cortisol 

0.270 (3) 

0.002 

2.44 

1 7a-Hydroxy(leoxyc(jrticosterone 

0.241  (2) 

0.003 

2.01) 

1 7«-Hydroxydeoxycorticosterone  acetate 

0.230  (4) 

0.020 

2.23 

1  )eoxycorticosterone 

0.322 (4) 

0.017 

2 . 00 

1  )eoxycorticosterone  acetate 

0.330  (4) 

0.010 

3.07 

Corticosterone 

0.330  (4) 

0.002 

2 . 80 

.Mdosteronet 

0.341)  (1 ) 

3.15 

Iba-Hydroxy-Da-flnorohydrocortisoneJ 

0.27  (4) 

0.012 

2.05 

Do-FlnorohydrocortisoneJ 

0.22  (3) 

0.013 

2.08 

lt>«-Hydroxy-l)a-flnoro- A '-hydrocortisone 

0.30  (4) 

0.008 

2.1)3 

(Triiimcin<)l()ti(‘)J 


The  following  steroids  olitaiiied  from  various  eominereial  soiirees  ri-aeted  witli  tlie  Nesslei- 
aeetie  reagent.  Alisorhanee  of  40  jug-  steroid  is  given  in  parentlu'sis:  l()«-liydroxyd;‘oxyeorti- 
eosterone  (0.408);  2«-hydroxyeortisone  (0.408);  l)-lioinoeortisone  aeetate  (0.203);  0,i-hy- 
droxyeortisone  (0.282) ;  0-k(“to<-ortisol-21 -aeetate  (0.282) ;  A'^-deliydrodiaixyeortieosterone 
(0.270) ;  17a-hvdroxv-4-dihvdrodeoxveortieosterone  (0.271 ) ;  A*-j)regnene-3d-21-diol-2()-oiie 
(0.240). 

*  Number  of  experiments  in  [larenthesi's. 
t  (Jeneronsly  supplied  by  Dr.  Sam  Sidomon. 
t  (jeneronsly  supplied  by  Dr.  Josef  Fried. 


of  fi-kotoprogesteroiie  obtained  from  Dr.  Sam  Solomon  yielded  a  faint  color  with  modi¬ 
fied  Xesslcr’s  reagimt  oipiivalent  to  O.OS  absorbancy  units  jjcr  40  mK-  steroid. 

When  two  chromogcnic  steroids  were  mixinl,  tlie  residting  ojitieal  ilensity  with  Xes- 
sler-aeetie  reagent  was  equal  to  the  sum  of  the  values  contributed  by  each  steroid  (Table 
3).  It  is  also  evident  from  this  table  that  nonreaetivi'  steroids  did  not  interfere  with  the 
color  intensity  developed  by  reactive  compounds.  High  concentrations  of  sugars  did 
yield  some  color  in  the  procedure.  Four  hundred  micrograms  each  of  fructose,  glucose, 
mannose,  and  galactosi'  gave,  respi'ctively,  absorbancy  values  of  0.21),  0.13,  0.05,  and 
0.25.  (llucuronic  and  citraconic  acids  gave  no  color  with  the  reagent. 

Recovery  of  stiToids  from  water  and  urine  was  also  studied.  I’sing  methylene  chloridi 
as  extraction  reagimt,  recovery  of  cortisol  from  water  ranged  from  S3  to  122%  with  a 
mean  of  9S%.  Recovery  of  added  cortisol  from  urine  was  studied  using  as  extraction 


Tabi.e  2.  Steroids  .not  reactixo  with  .modified  .xessi.er’s  reaoent 
.\llo|)regnente-3fJ-()l-2()-one  (S)*  Fstradiol  (S) 

.\ndrostane-3(t-ol-l 7-one  (S)  1 7-.Methylene-A'-androsfen(‘-3-<inc-l 7«-20-cpoxid(!  (S 

A'-.\ndrostene-3,l  7-dione  (S)  ll)-Xortestost crone 

A’-.\n<lrostene-3,17-dione  (S)  17a-methyl-l()-nortestos(eroiie 

.\ndrostaiie-3,l  1,17-trioiie  (S)  I’rcgnanediol  (Sch) 

.i^-.\ndrostene-3a,17f)-diol  (S)  Progesterone  (Me) 

Dihydrotestostcrone  (S)  A'-Prcgnene-()f)-ol-3,20-dione  (S) 

21-Deoxycortisol  (S)  A’-Prcgiiene-3,1  l,2()-trione-17cif-ol-21-f hiol  acetate  (S 

l(>-Dehydroprogcst crone  (S)  21-Methoxypregiienoloiie  (S) 

It),  17-Dihy(lroxyprogesterone  (S)  Testosterone  (S) 

21,21-Dimethylprogesterone  (S)  Testosterone  ethyl  ester  (CS) 

Testosterone  citraconate  (S) 

*  .-Mibreviations  in  parentheses  indicate  source  as  follows;  (S)  Syntex,  S.  .\.;  (Sch)  Si-hc  - 
ing  Co.;  (Me)  Merck-Sharp  &  Dohme  Co.,  (CS)  Chemical  Specialties,  liic. 


January,  U)6l 


NOTKS  AND  COMMENTS 


l(i3 


Table  3.  (’olok  develdi’mext  with  steroid  mixti  res 


■Misorb- 

.Absorb¬ 

.1 

aiicy  at 

r 

ancy  at 

425  niM 

425  mil 

1. 

Dihvdrocortisoiie  (0.28  /im.) 

0.70 

1. 

Testosterone  (0.20  /uni.) 

0.07 

2. 

Deoxvcorticosteroiie  (0.29  liin.)  0.78 

2. 

Cortisone  (0.13  /iin.) 

0.34 

3. 

1+2 

1  .  .50 

3. 

1+2 

0.48 

B 

1) 

1. 

Frogesteroiie  (0.50  (um.) 

0.07 

1. 

()  (i- Hydroxy  cortisone  (0.20  /ixm.) 

0.27 

2. 

Cortisol  (0.19  /um.) 

0.45 

2. 

.A'-.\ndrost(‘ne  3,17-dione  (0.20  i<m.! 

1  0.02 

3. 

1+2 

0 . 50 

3. 

1+2 

0.28 

Table  4.  Co.mpari.sox  of  Xessler-acetic  and  blue  tetrazolii  m 

PHOC'KDI  KKS  FOH  1 

KINAKY  STKKOIDS 

Reagi'iit 

ml. 

urine  No.  of  ex])ts.  /ug.  stiToid  found 

Expt.  1  Nessler-acetic 

acid 

10  3  15 

+  1  .0* 

Rlue  tetrazolium 

10  3  11 

±1.5 

Exiit.  2  NessU>r-acetic 

acid 

20  3  23 . 

5  +  1  . 0 

Rlue  tetrazolium 

20  3  23 

+  0.5 

*  Mi'iiiis  iiiul  avor;i};i‘  dcviatioiis. 


solvents  either  eliloroform,  inetliylene  chloride,  or  a  mixture  of  ethyl  ether  and  chloro¬ 
form  3:1.  The  last  named  solvent  mixture  gave  the  best  results,  it  being  the  only  one 
which  consistently  did  not  form  emulsions  with  urine.  Ri'coveries  of  cortisol  from  urine 
using  the  ether-chloroform  solvent  were  89  and  98  iiercent  in  two  exiK'riments. 

Estimation  of  steroids  in  urine  was  made  using  the  procedure  descril)(>d  in  this  paper 
and  the  blue  tetrazolium  method  (5).  The  data  in  Table  4  indicate  that  similar  data  were 
obtained  by  the  two  methods  applied  to  the  same  samples. 

Carl  Mondek  and  .\hkaham  White 

Department  of  liioeheinistry 
Albert  Einstein  College  of  Medicine 
Yeshiva  University 
Sew  York,  X.  Y. 
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LACK  OF  A  DIRI-X'T  ADRENOTROITC  ACTION  OF  CHORIONIC' 
GONADOTROPIN  ON  THE  RAT  ADRENAL* 

ABSTRACT 

Thore  is  c-oiifiictiiig  evidonco  on  a  possible  adrenotropic  action  of  chorit)nic 
Konadotroi)in  (CXI).  We  have  recently  found  an  adrenotrojjic  action  of  CG  in 
hypophyseetomized  male  rats,  but  this  action  was  mediated  by  the  testes.  We  have 
now  attemj)ted  to  find  whether  C'G  had,  in  addition,  a  direct  effect  on  the  rat 
arena!;  the  data  gave  no  indication  of  such  an  action.  We  believe,  therefore,  that 
the  adrenotroj)ie  action  of  C'G  is  eonfim'd  to  that  mediated  by  the  testes. 

Several  inve.stigators  (I,  2,  3)  have  believed  that  gonadotropins  were  adrenotropic 
and  in  particular  that  they  stimulated  adrenal  androgen  production.  Experimental  work 
(4)  has  on  the  whole  failed  to  supjtort  this  concept,  but  our  interest  in  this  (piestion  was 
roused  by  indirect  evidence  (5)  that  chorionic  gonadotroi)in  (CG)  might  be  related  to 
the  enlargement  of  the  adrenal  which  occurs  normally  in  the  fetuses  of  certain  primates, 
including  man.  We  later  found  (0)  that  C'G  hatl  limited  adrenotropic  jiroperties  in 
In'pophyseetomized  rats;  this  action  i)roved  to  be  an  indin>et  eflfeet  mediated  by  the 
testes  and  did  not  ai)pear  to  be  related  to  a  possible  effect  in  primates.  We  wished  therc'- 
fore  to  determine  whether  CG  had  in  addition  a  direct  infliuuiee  on  the  rat  adrenal.  We 
have  tested  it  in  high  doses  in  castrate  rats,  both  hypophyseetomized  and  non-hy- 
pophj’seetomized,  and  have  found  no  evidence  of  a  direct  action  on  the  adrenal  gland. 

MKTHOns 

C'esarian  derived  rats  of  C'liarh's  River  strain  castrated  or  castrated  and  hyi)oi)hysee- 
tomiz(‘d  on  the  30th  day  of  age  were  obtained  from  C'harles  River  Laboratories.  The  animals 
were  individually  caged  ami  selected  by  random  number  for  treatment  groups:  then*  were  at 
least  0  rats  in  each  gro\ip.  Injt*etions  were  started  the  day  after  operation  and  continued  for 
14  days;  all  injection  material  was  given  subcutaiu‘ously  in  0.3  ml.  volume'.  Testosterone 
])ropionate  was  given  once'  elaily  in  sesame'  e>il;  CXI  was  given  thre'c  times  elaily  in  human 
plasma.  Rats  were'  kilh'el  with  ether  e»n  the  meiriiing  folleewing  the  last  injection.  Organs  were' 
■  elis.secteel,  trimmeel,  anel  we'ighe'el.  .Velreneetreepie  activity  was  evaluate'el  by  aelrenal  weights, 
anel  anelrogen  preeelue'tiem  by  seminal  ve'sich'  anel  ventral  |)rostate  we'ights. 

KESULT.S 

Treatment  with  1000  i.u.  eiay  of  C'G  in  castrate'  and  hypopln-.seetoniizeel-eastrate' 
rats  proelucetl  no  significant  change's  freem  e'eentrol  values  in  aelrenal,  seminal  vesicle,  eu- 
ventral  prostate  weights  (Table  1).  In  edher  animals,  te'ste)stere)ne  jeropieeiiate  proeluce'el 
inere'ases  in  seminal  vesicle  anel  ventral  |)re)state  weights;  the  minimum  effective  elose' 
was  be'twe'cn  o  ng.  anel  2.5 /itg.  (lay  (Table  1). 

ni.scussioN 

CG  in  dose  of  1000  i.u.  rat  day  was  ine'ai)able  of  influencing  the'  we'ights  of  the' 
adrenals  or  the  male  accessory  se'x  organs  in  castrate  rats,  eithe'r  hypophyse'ctomize'd  or 
nonhypoijhyseetomized.  Tlu'se  findings  failed  to  reve'al  a  direct  adrenotropic  action  of 
C'C4  in  either  the  involuting  gland  or  in  the  gland  under  physiologic  .\C’TH  stimulation. 
Thus  there  was  no  evidence  that  steroid  biogenesis  was  either  stimulated  or  significantly 
altered  toward  a  greater  relative  production  of  adrenal  androge'ns.  .Vdrenal  androge'ii 
production  during  C'G  administration  was  biologically  eepiivalent  to  h'ss  than  the  ac¬ 
tivity  of  2o  ng.  (lay  of  administere'd  te'stosterone. 

These  findings  contrast  with  the  demonstrated  ability  ((>)  of  CG  in  dose's  of  as  litth 
as  1  I.u.  Tat  (lay  to  jiartially  maintain  adrenal  weights  in  fre'shly  hvpoiihyseetomize'il 
male  rats  with  intact  te'stes.  This  response  could  not  be  elicited  in  castrate  animals,  but 

Received  June  22,  1960. 
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Table  1.  The  effect  of  chohiomc  (ioxAi)oTRoiTX  axd  testosteroxe  fro- 

PIOXATE  ox  THE  ADREXALS,  VEXTRAL  PROSTATE,  AXD  SEMINAL  VESICLES  OF 
CASTRATE  AXD  CASTRATE-HYPOPHYSECTOMIZED  MALE  RATS 


Organ  weij 

gilts  (mg.) 

.\nimals 

Treat  meat 

Daily  dose  | 

.■\.drenals  I 

Ventral 

Seminal 

1 

j 

prostate  | 

vesicles 

Experiment  .1 

C'astrate  1 

Plasma 

0.9  ee.  ! 

47.2 

11.8  ; 

9.0 

C’astrate 

CG  in  plasma 

loot)  i.r.  j 

48.0 

11.0 

9.2 

C’astrate,  hvpox 

Plasma 

O.'Ice. 

13.8 

1  ~ 

7.0 

C'astrate,  hypox 

C'G  in  plasma 

1000  i.r. 

11.5 

8.5 

7.2 

Experiment  B 

C'astrate,  livjiox 

Sesame  oil 

0.3  ec.  ! 

9.5 

!  7.0 

,  8.4 

C'astrate,  hvpox 

i  TP  in  oil 

5  /ig. 

9.3 

i  10.0 

1  11.5 

C'astrate,  hvpox 

!  TP  in  oil 

25  Mg- 

8 . 5 

39.7 

1  71  .2 

C'astrate,  hyi)ox 

TP  in  oil 

,  100  Mg.  i 

10.0 

i  120.2 

i  322.0 

I'Npt.  A:  CG  failed  to  iiiflucMicp  (P>().()5)  tlu>  or^an  \vciij;hts  in  thc'sp  animals. 

Kxpt.  H:  Tpstostcrone  iiropionate  in  doses  up  to  UHt  m!?-  failed  to  iiiHuence  adrenal  weight 
(P>0.05)  but  in  dose  of  25  mS-  or  106  /eg.  paused  an  inerease  (P>t).l)l)  in  ventral  prostate 
and  seminal  vesicle  weights.  The  weiglit  increases  with  the  5  mK-  dose  were  not  significant 
(P>t).()5).  These  results  indicate*  that  (XI  in  high  dosage  (H)tH)  i.r./day)  failed  to  stimulate 
the  adrenal  to  ])roduce  androgen  equivalent  to  25  mK-  of  injeetc'd  testosterone  propionate. 


could  be  reproduced  in  these  animals  by  administration  of  large  doses  of  testosterone  and 
certain  other  steroids  (7),  most  of  which  were  androgenic.  Tlie  minimal  effective  adreno- 
trojiic  dose  of  testosterone  projiionatc*  was  about  500 /xg  rat/dat*.  Since  these  experiments 
show  that  adrenal  androgen  production  during  CXI  administration  was  ecpiivalent  to  <25 
gg  (lay  of  administen'd  testosterone,  it  is  clear  that  the  adrenal  was  very  far  from  pro¬ 
ducing  sufficient  androgi'ii  to  influence  its  own  weight.  Our  observations  have  led  us  to 
believe  that  the  adrenotrojiic  action  of  CXI  in  the  rat  is  confined  to  that  mediated  bj’  the 
testc's. 

Jenny  Dinehstkin-  and  Jon.athan  T.  Lan.man^ 


Sew  York  University 
Bellevue  Medical  Center 
Sew  York,  S.  Y. 
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EFFECTS  OF  EXTRACTS  OF  HYPOTHALAMIC  NUCLEI  AND  CEREBRAL 
('ORTEX  ON  ACTH  STIMULATING  ACTIVITY  IN  THE  DOG' 

.\MSTRACT 

The  elTeets  of  intracarotid  injections  of  saline  extract.s  of  samples  of  certain 
hyi)otfialanuc  nuclei  or  regions  and  motor  cerebral  cortex  on  blood  levels  of  17- 
hydroxycorticosteroid  have  been  studied  in  the  trained  nonstressed  dog.  Extracts  of 
1  mg.  of  sujiraoptic  nucleus  and  median  eminence  produced  significant  increases 
in  17-hydroxycorticosteroids  while  extracts  of  the  same  amounts  of  lateral  hypo¬ 
thalamic  nucleus,  mammilary  body,  optic  tract,  i)araventricular  nucleus,  and 
j)osterior  sigmoid  cerebral  cortex  failed  to  produce  a  significant  increase. 

Rumsfeld  and  Porter  (1)  and  Royoe  and  Sayers  (2)  recently  reported  that  extracts 
of  the  hypothalamus  possess  .V('TH  releasing  activity  in  the  rat.  This  work  confirms 
and  extends  the  general  findings  of  Slusher  and  Roberts  (3)  and  De  Wied  et  nl.  (4)  who 
report(‘d  .\('TH  release  following  the  administration  of  extracts  of  hypothalamic  tissues. 

Guillemin  et  al.-  injected  “purified”  fraction  from  hypothalamic  extracts  from  beef 
and  hog  hypothalamic  tissues  in  dogs  and  humans  and  noted  an  increase  in  circulating  as 
well  as  urinary  17-hydroxycorticosteroids. 

In  the  investigation  of  Rumsfeld  and  Porter  (1)  the  extracts  were  prepared  from 
hypothalamic  tissues  extending  from  the  anterior  margin  of  the  optic  chiasm  to  the 
l)osterior  margin  <if  the  mammilary  bodies,  1  cm.  to  each  side  of  the  pituitary  stalk.  Tin* 
mass  of  tissue  employed  by  these  workers  obviously  must  include  a  great  many  hyi)o- 
thalamic  areas  for  specific  nuclei  or  different  functional  capabilities.  The  (piestion  quite 
naturally  arises  in  all  of  the.se  studies  as  to  which  of  the.se  areas  or  nuclei  are  actually 
concerned  with  the  production  of  an  ACTH  stimulating  substance. 

In  an  effort  to  obtain  more  specific  information  on  this  j)roblem,  we  have  assayed  the 
ACTH  stimulating  j)roi)erties  of  tissues  from  several  specific  hypothalamic  foci  or  nu¬ 
clei  in  the  dog. 

M.\TERIALS  AND  METHODS 

Hypothalamic  tissues  were  removed  from  brains  of  18  dogs  according  to  the  following 
l)rocedures:  The  animals  were  anesthetized  with  .sodium  pentobarbital  (3.5  mg. /kg.,  LV.) 
and  placed  on  artificial  respiration.  The  skull  was  opened  and  the  calvaria  removed.  Tlie 
brain  was  then  (piickly  removed  from  the  cranial  cavity  and  a  transverse  section  through  th< 
hypothalamus  at  the  level  of  the  middle  of  the  optic  chiasma  was  made  witii  a  single  edge  I 
razor  blade,  thus  dividing  the  brain  into  two  portions  and  rendering  the  anterior  hvpothalanu' 
nuclei  on  the  caudal  surface  of  the  ti.ssue  accessible  to  removal  by  trochar.  The  pituit;u\ 
gland  was  removed  by  transection  at  the  level  of  the  lower  border  of  the  i)ars  tuberalis  ami 
the  two  portions  of  the  brain  were  then  plunged  into  liquid  nitrogen.  In  sonu*  c.asrs  the  free 
ing  step  was  omitted. 
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The  tissu»*s  for  testing  wi-rc  ol>t;iiiH‘(l  l)y  cylindrical  "punch  outs”  from  hotli  frozen  and 
unfrozen  hypothalami.  The  punch  out.s  were  made  with  13  to  15  fjaune  syringe  necalles  ground 
hy  nu'an.s  of  tapered  silicon  carhide  ahrasive  ])oints  to  Idrm  trochars  with  an  inside  hevel. 
Tissues  from  the  followin};  areas  or  nuclei  were  obtained  for  study;  nucleus  supraopticus, 
nucleus  lateralis,  nucleus  i)araventricularis,  atderior  median  eminence,  optic  tract,  mammil- 
ary  body,  and  cere  bral  cortex  (posterior  sitimuid  gyrus).  The  average  wet  weight  of  each  j)unch 
out  was  about  12  mg.  and  a  sullicient  number  of  punches  was  made  to  j)rovide  about  5t)  mg. 
of  tissue  for  each  sample. 

The  tissues  were  allowed  to  thaw  at  room  tem])erature  at  normal  refrigeration  temjx'ra- 
ture  and  then  ground  in  a  glass  liomogenizer  with  sterile  saline,  1  ml.  saline  per  mg.  of  tissue'. 
.\fter  complete  homogenation,  the  mixture  was  ceidrifuged  at  35t)()  HPM  for  30  minutes  in  the 
cold.  The  sam])les  were  then  decanted  and  supernatant  fluid  used  in  the  experiment.  The' 
supernatant  llnid  was  assayed  for  the  concentration  of  proteins  by  the  method  of  Hucher  (5) 
and  from  50  lOt)  ^xg.  ])rot»‘in  j)er  mg.  of  brain  tissue  were  found.  .\11  glassware  u.<ed  for 
homog('nation  and  preparation  of  the  tissues  were  sterilized  before  use. 

Supt'i'iiataid  Huid  from  1  ukj.  was  dilutc'd  to  5  ml.  with  0.85%  NaCl  and  injected 

into  the  exteriorized  carotid  artery  of  trained  dogs  and  assayed  according  to  the  method  of 
ICik-Xes  and  Hrizzee  (ti).  Tlu'  number  of  samples  of  extract  from  the  various  nuclei  or  areas 
vari»‘d  from  four  in  the  case  of  paraventricular  nuch'us  to  15  in  suj)raoptic.  nucleus.  .\C’TH 
stimulating  activity  was  assaye(i  in  tt'rms  of  plasma  lev<‘ls  of  17-()HCS  as  described  by  I'iik- 
Nes  (7).  .Ml  concentrations  of  17-()HCS  are  expressed  in  /ig./lOO  ml.  plasma. 


KKSULTS 

Mean  jM'iipheral  blood  levels  of  17-hy(lro.xyeorticosterone  iiicrea.sed  significantly 
(P<.()1)  following  injection  of  extract  of  nucleus  supraopticus  from  a  control  of  1.5 
+  .07  (standard  error  of  the  mean),  100  ml.  to  3.7  +  .15  100  ml.  in  15  minutes.  Follow¬ 
ing  injection  of  anterior  median  eminence  extract  the  mean  level  again  ro.se  significantly 
(P<.05)  from  a  control  level  of  1.4 +  .07  to  4.1  ±.12  in  15  minutes.  In  the  remaining 
structures,  the  differences  in  control  and  the  levels  observed  15  minutes  after  the  injec¬ 
tion  of  test  material  were  not  statistically  significant.  The  mc'an  values  obtained  in  each 
of  the.se  structures  is  as  follows'  lateral  nucleus,  1.S  +  .18  control  to  2. (>  +  .43  following 
administration  of  extracts;  oj)tic  tract,  1.7  ±  .20  control  to  2.1  +  .20  following  administra¬ 
tion  of  extract;  paraventricular  nucleus,  1.5±.02  control  to  1.9  +  .33  following  adminis¬ 
tration  of  extract;  mammilary  body,  2.1  ±.24  control  to  2. (>±.31  following  administra¬ 
tion  of  e.xtract;  and  motor  cortex,  1.0 ±.11  control  to  2.1  ±.25  following  administration 
of  ('xtract. 

In  order  to  comj)are  results  of  frozen  tissue  extracts  of  supraoj)tic  nucleus  with  ex¬ 
tracts  of  fresh  unfrozen  tissues,  a  group  comi)arison  test  (“t”  test)  was  run  on  vahu's 
obtained  from  each.  The  results  (P>.7)  indicated  no  significant  difference  between  the 
results  obtaine<l  from  frozen  or  unfrozen  tissues,  the  mean  value  being  3.S  /ig.  100  ml. 
plasma  for  the  fresh  tissues  as  compared  with  3.73  /ig.,  100  ml.  plasma  for  the  frozen  tis¬ 
sue  as  noted  above. 


DISCUSSION 

The  results  of  this  study  support  the  findings  of  Rumsfi'ld  and  Porter  (1),  Royce 
and  Sayers  (2),  and  Hellerstein  c/  al.  (8)  that  hypothalamic  extracts  posse.ss  ACmi 
■stimulating  properties  and  suggest  more  siieeifically  that  the  siijiraoptic  nuclei  and  mi'- 
dian  eminence  contain  a  higher  concentration  of  such  material  than  the  other  parts  of  tlu' 
hypothalamus.  Rather  surprisingly,  in  view  of  the  numerons  reports  indicating  a 
neurosecretory  function  in  the  jiara ventricular  nuclei,  we  found  no  indication  of  activity 
oer  1  mg.  sample  of  tissue  for  this  area.’  Further,  we  were  unable  to  elicit  any  significant 
increase  in  plasma  level  of  1 7-hvdroxycorticosterone  from  extracts  of  1  mg.  mammilary 
I  ody,  lateral  hyiiothalamic  nucleus,  optic  tract  or  motor  cerebral  cortex. 

’  This  finding  may  support  the  oliservation  of  hdske  and  Clreep  (9)  showing  c3  tolngi- 
;d  changes  in  the  cells  of  the  supraoptic  nuclei  in  rats  exposed  to  continuous  light  or 
darkness.  Under  these  “stressful”  eonditions  the  cells  of  the  paraventricular  nuclei  were 
iiaffected. 
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Sluslu'r  and  Roberts  (3)  on  tlie  otlier  hand  reported  tliat  a  water-soluble  non-protein 
substanee  jjresent  in  anterior  and  jiosterior  liyi)othalanuis  and  cerebral  cortex  is  capable 
of  stimnlatinfj  i)ituitarv  ndease  of  ACTH,  using  eosino|M‘nia  or  adrenal  ascorbic  acid  de¬ 
pletion  as  assay  methods.  .V  s(*eond  factor  capable  of  stimulating  .VC'd'H  release  which 
they  conclmh'  was  a  lipid(‘  or  lipoprotein  was  present  only  in  extracts  of  posti  rior  hy¬ 
pothalamus.  From  the  diagrams  of  the  hypothalamic  areas  nunoved  by  these  authors, 
it  would  aj)p(‘ar  that  only  a  small  i)ortion  of  the  supraoi)tic  nucleus  would  have  been  in¬ 
cluded  in  the  anterior  hypothalamic  s<‘gmcnt  since  the  block  of  tissue  did  not  extend 
far  from  the  midline.  These  findings  could  be  at  variance  with  our  observations  since 
saline  extracts  of  1  mg.  cerebral  cortex  and  mammilary  body  did  not  iiroduce  any  signifi¬ 
cant  increase  in  1 7-hydroxycorticosterone  levels  following  injection  into  the  carcjtid 
artery  in  the  trained  dogs.  However,  it  should  b(>  emi)hasized  that  our  sami)les  per  in¬ 
jection  were  made  from  only  I  mg.  of  tissue'  whereas  those  of  Slushcr  and  Roberts  were 
jerepared  from  25  gm. 

The  findings  of  De  Wied  el  nl.  (4)  appear  to  support  tho.se  of  Slushcr  and  Roberts. 
However,  I)e  Wie'd  and  his  associates  reported  that  e'lcctrolytic  lesions  destroying  the 
median  eminence  but  not  the  hyi)ophyscal  stalk  abolished  the  action  of  the  lii)ide  ex¬ 
tract  of  posti'rior  hypothalamus  injected  via  the  tail  vein  in  the  rat.  This  suggests  that 
tlu'  j)rinci|)le  elaborated  by  tin*  i)osterior  hypothalamus  may  recpiire  further  conjugation 
in  median  eminence  befetre  acejuiring  the  .\CTH  stimulating  i)roi)erty. 

The  findings  that  compensatory  adn'iial  hyi)ertrophy  does  not  occur  in  rats  with 
h'sions  in  antt'rior  hypothalamus  (10,  11)  s('ems  to  be  in  agreement  with  our  own  results 
stressing  the  imjjortance  of  anterior  hypothalamic  nuclei  in  the  elaboration  of  the  .VC'TH 
stimulating  substance. 

Howc'ver,  it  has  bei'ii  clearly  demonstrated  that  vasopressin  will  promote  .VC'TH 
secretion  in  nuiiK'rous  animal  si)ecies.  Whether  this  is  a  direct  effect  on  the  pituitary 
gland  (12),  the  adrenal  gland  (13)  or  both  is  still  under  debate.  Since  both  the  sujjra- 
oi)ticus  (2)  and  the  nu'dian  eminence  contain  vasopressin-like  material,  the  effect  on 
17-hydroxycorticosteroids  seen  in  this  investigation  could  actually  be  due  to  vasopressin. 
Furthermore,  the  median  eminence  is  esjH'cially  rich  in  histamine  (14),  and  the  occur¬ 
rence  of  3-hydroxytyramine  in  the  dog’s  brain  has  be('!i  reported  (15).  Whether  these 
substances  are  responsible  for  the  “.VC’TH  like”  effect  seen  following  the  administration 
of  extracts  of  small  amounts  of  supraojjtic  or  median  eminence  tissues  seen  in  this  in¬ 
vestigation  ha.s  not  been  tested. 

K.  R.  Bkizzee  AN’i)  K.  B.  Eik-Nes 
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THE  EFFECT  OF  HYPOTHALAMIC’  LESIONS  ON  ADRENAL  SEC  RETION 
OF  C'ORTISOI.,  C'ORTIC’OSTERONE.  1  l-l)ESOXYC’ORTISOL 
AND  ALDOSTERONE' 

AHSTRACIT 

The  output  of  cortisol,  corticostcroiu',  1  l-dcsoxycortisol  aiul  aldosterone  was 
incasurctl  in  the  adrenal  venous  hlood  of  normal  dogs  and  dogs  with  hypothalamic 
lesions.  Secretion  of  all  these  hormones  was  dejiressed  in  dogs  with  destruction  of 
the  median  eminence,  hut  unaffeided  hy  lesions  elsewhere  in  the  hypothalamus. 

Tlie  original  evidence  that  lesions  of  the  median  eininenee  of  the  hypothalamus  de- 
jiress  the  adrenocortical  resiionst'  to  stressful  stimuli  included  observations  on  circulat¬ 
ing  eosinophiles  (1)  and  lymphocytes  (2).  Confirmatory  ri'ports  have  been  based  on 
measurements  of  adrenal  ascorbic  acid  (3),  circulating  .VC'TH  levels  (4),  and  adrenal 
venous  output  of  glucocorticoids  (5)  and  Porter-Silht'r  chromogims  ((5,  7,  8).  'riie  secre¬ 
tion  of  cortisol  and  aldosterone  is  depressed  in  animals  with  ventral  liypothalamic 
lesions  (9,  10),  hut  the  effects  of  brain  h'sions  on  other  secretions  of  the  adrenal  cortex 
have  not  been  described  in  detail. 

MATKRIALS  AND  .MKTHODS 

Sti'reotaxis  lesions  were  iiroduccd  in  the  median  eminence  in  six  male  mougrtd  dogs.  In 
.•mother  group  of  six  dogs,  other  portions  of  the  hypothalamus  were  destroyed,  including  the 
liosterior  tuberal  region,  the  posterior  hypothalamus,  the  ventromedial  nuclei  and  the  region 
around  the  anterior  commisure.  The  lesions  did  not  involve  the  midbrain  or  the  pineal 
ajjparatus.  Transl)uccal  hyiiojrhysectomy  was  performed  in  four  additional  dogs. 

Six  weeks  after  operation,  blood  was  l•olle<•ted  from  the  right  lumbo-adrenal  vein  for  two 
hours  under  ether  anesthesia.  The  animals  had  been  on  a  reduced  sodium  intake  for  5  days. 
They  were  bled  29  ml. /kg.  from  the  femoral  artery  immediately  before  collecting  the  adrenal 
effluent,  and  the  arterial  blood  was  re-infused  in  amounts  (‘(jual  to  the  adrenal  flow.  Six 
similarly  treated  normal  dogs  served  as  controls. 

.\drenal  venous  blood  was  eolleet«*d  in  ii'cd  tubes,  centrifuged,  and  the  plasma  promptly 
frozen.  Subseipiently,  the  plasma  was  extracted  with  chloroform.  The  extract  was  washed 
with  ().95N  sodium  hydroxide  and  water,  then  dried  over  sodium  sulphate  !ind  evaporateil 
under  reduced  j)ressure.  The  extract  was  chromatographed  on  paper  in  ehloroform-formamide 
(11),  and  the  areas  corresponding  to  cortisol,  aldosterone  (or  cortisone)  and  corticosterone 
eluted. 

The  95%  ethanol  eluate  of  the  aldosterone  area  from  the  ehloroform-formamide  paper 
was  bioassayed  in  water-loaded,  adrenaleetomized  rats.  Details  of  the  assays,  the  experi¬ 
mental  methods,  ami  the  values  for  aldosterone  secretion  in  thes**  dogs  have  been  reported 
elsewhere  (19). 

The  cortisol  fraction  was  reehromatographed  in  Hush’s  system  0  (12).  The  area  corre¬ 
sponding  to  a  cortisol  standard  was  eluted  with  95%  ethanol.  The  A^-3-keto-steroid  was 
ipiantitated  by  absorption  at  249  iiiju.  .After  treatnnuit  with  <'oneentrated  sulphurii-  acid, 
this  fraction  showed  an  absorption  spectrum  characteristic  of  cortisol  (11).  The  “corti¬ 
costerone  friietion”  from  the  ehloroform-formamide  jiaiier  was  reehromatograplu-d  in 
<-yelohexane  109:  dioxane  109:  methanol  59:  water  25  (13).  The  fractions  corresponding  to 
standards  of  corticosterone  and  1 1-desoxyeortisol  (Reiehstein’s  compounds  S)  were  eluted 
in  95%  ethanol.  The  A''-3-keto-steroid  concentration  was  measured  by  absorption  at  249  m^i. 

Received  .June  30,  19(59. 
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After  treiitment  with  eoiieentrated  sulphurie  arid,  tli(‘se  fractions  sliowed  :i|>]>ro))riate  ultra¬ 
violet  al)sorj)tioii  curves  eharaeteristie  of  authentic  corticosterone  or  1 1-desoxyeortisol  (11). 

RKSULTS  AM)  DISCUSSION 

Table  1  suinniarizi's  the  steroid  output  values  in  normal  dogs  and  dojis  with  hypo¬ 
thalamic  lesions.  Significant  (piantities  of  1 1-desoxycortisol  (Ridchstein’s  compound  S) 
\v(‘re  secreted  by  the  dogs  in  each  group.  In  tlie  hyiiophysectomized  dogs,  aldosterone 
secretion  averaged  O.b  /ig.  two  hours  (standard  error  0.5  /xg.).  The  levels  of  the  other 
hormones  were  too  low  to  measure  accurately. 


Table  1.  Adrexocortk  ai,  secretion  ix  normal  noc.s  and  dogs  with  hypothalamic 
LESIONS.  Values  are  means  ±stani)ari)  error  of  the  mean 


\(> 

Hormone  output  (Mg  /2  hours) 

Group 

dogs 

('ortisol 

('ortieost  crone 

ll-desoxy- 

eortisol 

Aldosterone 

Normal 

0 

297  ±39 

233  ±  55 

07  ±  1 4 

3. 5  ±1.0 

Lesions  sparing  me¬ 
dian  eininenci* 

0 

308  ±38 

187  ±41 

04  ±  10 

3.7  ±0.5 

Lesions  destroying 
median  eminence 

(') 

1.58  ±25 

77  ±15 

28  ±  .5 

1  .5  ±0.4 

Only  those  lesions  whieh  affected  the  median  eminence  depressed  adrenocortical 
secretion  appreciably.  Outputs  of  all  hormones  were  dejiressed  to  about  the  same  extent. 
These  fimlings  are  compatible  with  decreased  action  of  .\('TH  on  the  adrenal,  since 
AC'TH  probably  acts  on  a  stej)  in  .>iteronl  biogimesis  prior  to  the  differentiation  of  path¬ 
ways  leading  to  the  si'veral  corticosti'roids  measuri'd  (14).  None  of  these  h'sions  showi'd 
an  isolated  effect  on  aldosterone  secretion. 
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THE  EVALUATION  OF  DL.3'-IODOTHYRONINE  AND  DL-3',5'- 
DllODOTHYRONlNE  AS  THYROXINE  ANTAGONISTS 
IN  THE  RATI 

ABSTRACT 

i)i.-3'-i(»(l()thyniiiiiu‘  aiul  i)i.-3',5'-(lii()il()thyr(»nin(*  woro  tcstt'd  for  their  ahility  to 
iiihihit  the  noiter-preventinn  elTeet  of  tliyroxine  in  thiouraeil-fed  rats.  They  wen* 
shown  to  l)e  without  activity  at  a  molar  ratio  of  analo.^  to  i.-thyroxine  of  2(H)  to  1. 

i)L-3',5'-tIii<)*lothyronino  was  first  jtrepared  by  Rloek  and  Powell  (1)  and  tested  for 
thyroxine-like  activity  by  Salter.-  The  eoinpotind  was  found  ineffective  in  elevating  the 
oxygen  eonsuinidion  of  a  patient  with  niyx(‘deina  at  a  dose  4  times  an  (‘ffeetive  dose  of 
thyroxine.  The  dilfieult  syntlu'sis  precluded  further  study  until  Roche,  .Michel  and  Wolf 
(2)  established  conditions  for  the  direct  iodination  of  OL-thyronine  to  yield  i)L-3'-iodo- 
thyronine  which  could  bi-  further  iodinated  to  i)L-3',5'-diiodothyronine.  Roth  eom- 
])ounds  were  reported  to  !)(>  without  thyroxine-like  activity  in  the  tadpole  metamorphosis 
and  rat  antigoit(‘r  assays  (2,  3). 

The  thyroxine-antagonistic  (*ffeet  shown  by  i)L-2',(P-diiodothyronine  in  the  rat  anti¬ 
goiter  assay  (4,  5,  (5)  has  focused  attention  on  the  potential  antagonistic  i)ro])erties  of 
thyronines  lacking  iodines  in  the  3-  and  5-positions.  With  the  n'ports  (7,  8,  9)  of  anta¬ 
gonistic  properties  for  i)L-3,3'-diiodothyronine  and  i)L-3,3',5'-triiodothvronine,  it  was 
thought  of  interest  to  examine  i)L-3'-iodothyronine  and  i)i.-3',5'-diiodothyronine  for 
thyroxine  antagonistic  properties. 


METHODS 

The  synthetic  method  of  Roche,  -Michel  and  Wolf  (2)  was  scaled  to  a  larger  size  to  provide 
amounts  necessary  for  biological  testing. 

Bl.-.i'-iodolhyronine  was  ])repared  in  28%  yield  (819  mg.)  from  2.0  gm.  of  m.-thyronine 
(Nutritiomd  Biochemicals  Corp.).  It  was  essential  that  the  original  reaction  mixture  be  con- 
centratc'd  to  dryness  in  vacuo,  l)ath  temperature  below  45°,  with  a  stream  of  nitrogen  i)assing 
through  the  .solution.  Evaporation  in  an  air  stream  resulted  in  com])lete  loss  of  iodinated 
product.  The  purification  method  of  Roche  was  carried  out  twice  to  yield  a  product  free  of 
Di.-thyronine.  The  comjiound  dried  over  P-.t)i  (2  mm.,  20°,  48  hr.),  m.p.  (\incor.)  201-203°  (d.), 
lit.  (2)  m.p.  207°  (d.).  .\nalyse.s’:  C'alcd.  for  ('uHuINOj:  C,  45.18;  H,  3.51;  I,  31.88.  Found; 
(',  45.07;  ll,  3.72;  1,  31.47.  Idtra violet  spectra^:  X„»x=292  m#i  (*=3200)  in  0.5N  hydrochloric 
acid;  X,ax=3I3  ni/x  (t  =  4420)  in  0.5N  sodium  hydroxide.  Chromatography:  n-butanol:  sat’d 
2N  ammonium  hvdroxide,  Rf  =  0.40,  lit .(2)  Rf  =0.41 ;  n-butanol : acetic  acid :  water  (78:5: 17), 
Rr=0.81,  lit.(2)  Rf=0.()8. 

l)L-.i',.^'-fliiodothyroninr  was  prepared  in  45%  yield  (238  mg.)  from  400  mg.  of  I)L-3'- 

Received  .July  12,  19()(). 
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*  Ultraviolet  spectra  were  jirepared  by  Mr.  Michael  HrenofT,  Speetrographic  Labora- 
ory.  University  of  California  School  of  Pharmacy. 
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iodotliyroniiic.  Tlu*  ri-actioii  mixture  was  eoneent rated  as  above  under  idtrogeii.  The  purifiea- 
tion  method  of  Roehe  yielded  a  produet,  m.j).  (iineor.)  1114-11)7°  (d.)  whieh  by  elemental  an¬ 
alysis  and  ehromatoKraphy  was  shown  to  eontain  about  20%  i)i.-3'-iodothyronine.  ul-3',5'- 
diiodothyronine  was  obtained  in  pure  state  by  formation  of  the  hydroehloride  and  precii)ita- 
tion  of  tile  free  amino  aeid  from  aqueous  solution  with  sodium  acetate  (1).  The  jirixluct  ilried 
over  P«()5  (2  mm.,  20°,  48  hr.),  m.p.  (uncor.)  107-200°  (d.).  Lit.(l)  m.p.  200°  (d.).  .\nalvses’: 
Calcd.  for  CuH.sIoNOi-HjO:  C,  33.17;  H,  2.78;  I,  40.73.  Found:  C,  33.17;  H,  2.01;  1,  44.80. 
ritraviolet  spectra*:  X,,, ax  =208  m/i  (*  =  3570)  in  O.oN  hydrochloric  acid:  X,„ax=321  m/x 
(e  =  5880)  in  O.oX  sodium  hydroxide.  Chromatography  showed  identity  with  an  authentic 
sample*:  n-butanol:  sat’d  2N  ammonium  hydroxide,  Rf  =0.53,  lit. (2)  Rf=0.43;  n-butanol 
: acetic  acid :  water  (78:5:17),  Rf  =0.83,  lit. (2)  Rf  =0.75. 

The  rat  antinoiter  assay  was  basecl  ujion  the  method  of  Cortell  (5).  LoiiR-Kvans  male 
rats®  were  fed  a  standard  powdered  feed  (Simsonsen  Laboratories)  containin};  0.3%  thioura- 
cil.  Following  one  day  on  this  diet,  daily  subcutaneous  injc'ctions  of  compounds  in  a  volume 
of  0.25-0.40  ml.  were  carried  out  for  10  days.  On  the  eleventh  day  the  rats  were  sacrificed  by 
chloroform  inhalation,  the  thyroid  glands  cleaned  und(>r  a  dissecting  microscopi*  and  weighed 
to  the  nearest  0.1  mg. 

In  the  first  assay  compounds  were  dissolved  in  ethyl  alcohol/propylene  glycol  (10/00, 
v/v)  (10),  |)lus  one  drop  of  concentrated  hydrochloric  acid  when  neces.sary,  and  stored  be¬ 
tween  injections  in  the  refrigerator  at  3°.  The  com|)ounds  were  fouml  to  be  readily  soluble  in 
pure  jiropylene  glycol  and  this  vehicle  was  used  in  the  seeond  bioassay. 

RESULTS  AND  CONCLUSIONS 

Table  1  shows  that  DL-3'-io(h)thyronine  at  a  molar  dose  of  100  times  an  effective  dose 
of  L-thyro\inc  causes  no  significant  reversal  (P>0.80)  of  the  thiouracil-indueed  thyroid 
weight  increase.  This  confirms  earlier  rejiorts  (2,  3)  of  a  lack  of  thyroxine-liki*  action  for 
this  compound.  Both  DL-3'-iodothyronine  and  i)L-3',5'-diiodothyronine  caused  no  sig¬ 
nificant  reversal  (P>0.10)  of  the  antigoitrogenic  effect  at  a  molar  dose  200  time'  that  of 
concomitantly  administered  L-thyroxine.  They  therefore  showi'd  no  thyroivine-anta- 
gonistic  jiroperties  at  this  dose. 

The  ab.sence  of  thyroxine-like  or  thyroxine-antagonistic  activity  for  the.se  com¬ 
pounds  lacking  substituents  in  the  3  or  3,5-i)ositions  of  the  alanine-bearing  ring  empha¬ 
sizes  the  importance  of  this  substitution  for  thyroid  activity  in  the  thyronine  .series.  In 
this  light  it  is  tempting  to  sjieculate  that  the  antagonistic  2',6'-diiodothyronine  interacts 


Table  1.  The  effect  of  I)L-3'-ioi)othykoni.\e  and  l)L-3',5'-DnoDoTUYRoMXE  with 
L-thyroxine  on  thyroid  weioht  of  thiocracil-treated  rats 


('oiiipoiind  injp(‘t«*d* 

.4v(t.  wt 

Food  - 

Initial  : 

.  of  rats ! 
Final  1 

Daily  dow*  per 
KN)  fcin.  of 
body  weipht 

Molar  , 
ratio  ' 

Thyroid  weipht 
per  KM)  giu. 

{TUI. 

pill. 

MP.  ! 

Miuole  1 

lUP.  i 

+  s.d. 

X10»  I 

It  Nonp 

1  ntreated  102 

i;l5 

—  i 

1 

-  1 

8.5  ' 

0.8 

Vphi<*h' 

0.3*‘y  thioiiracil  106  > 

15.3 

—  1 

-  1 

:32.6 

8.0 

Thyroxino 

i\.Vf  thioiiracil  101  ‘ 

147  1 

2.0 

2.25 

21.3 

5.8 

Thvroxinc* 

0.3^f  thiouracii  UI6 

147 

5.0 

5.62  ; 

6.0 

1.0 

1  fThvroxino  phis 

0.3‘;;  thioiiracil  101 

146 

5.0 

5.62 

\nL-3Modoth\Toiiin<* 

440.0 

1124.0 

2(K).0 

7.0 

1.3 

n  l.t-3'-iodot  hy  roninc 

0.:i''{  thioiiracil  120 

162 

220.0 

.562.0 

UMI.O 

28.1 

4.3 

2t  None 

I'ntreated  18.5 

2:35 

13.7 

5.5 

'  Vehicle 

0.3%  thiouracii  205 

225 

21.1 

5.6 

Thyroxine 

0..3Cy  thiouracii  222 

2.3.3 

i  2,0 

2.25 

13.1 

5.4 

,  Thvroxinc 

0.3%  thiouracii  186 

228 

4.0 

4.50 

!  — 

6.0 

1.5 

j  {Thyroxine  plus 

0.3*]^c  thiouracii  172 

107 

4.0 

4.. 50 

— 

1 1  DL-S'-iodothvronine 

:I50.3 

tMH).0 

200.0 

7 

0.0 

1  /Thvroxinc  plus 

0.3%  thiouracii  168 

210 

4.0 

4.. 50 

— 

\  I )  I  v-3'-5'-diiodot  luToni  nc 

472.5 

<NM).0 

2(H). 0 

7.0 

1.8 

♦  Thyroxinp,  used  as  sodium  L-tliyroxiup  p  nt'i'.iydratp,  was  provided  by  Dr.  .lames  Kerwin.  Smith.  Kline  uir 
French  Laboratories. 

t  Five  rats  at  each  control  and  dose  level. 


®  reference  sample  of  DL-3'.o'-diiodothyronine  was  jirovided  by  Dr.  Paul  Block.  .1 
We  are  grateful  to  Dr.  Block  for  his  valuable  consultation  in  the  purification  of  dl-3'.5 
diiodothyronine. 
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witli  :i  hiolofiii'iil  n‘C('i)tor  site  involved  in  the  antiKoitrof^cnic  response  so  that  tlie  normal 
position  of  the  rin^s  is  reversed.  Thus  the  2',()'-iodines  would  heeoine  3,5-iodines  relative 
to  the  i)henolie  group  whieh  could  then  oeeu])\'  the  normal  position  of  the  alanyl  chain 
in  thyroxine. 

Kugknk  C.  Jorgknskn  .xnd  Kknxkth  Tsutsvi 
Department  of  Plinrmacentical  Ctiemistrij 
Sicliool  of  Pharmacy 

rniversity  of  California  Medical  Center 
San  Francisco,  California 
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IXIIIBITIOX  BY  0..\IKTHVL-17-ArKT()XY-PR()(;E.STKR()XK  OF  ACTH 
8YXTHES1S  AXI)  RELK.YSE  IX  THE  RAT* 


ABSTRACT 

Six-met hyl-17-acetoxy-i)roKesterone  (SC'OOSO)  ])n)<luced  severe  adrenal  atrophy 
in  rats  following  repeat<‘d  injection.  This  atrophy  was  associat(‘d  with  depletion 
of  i)ituitary  .\CTll  concentration,  implying  reduction  in  .\CTH  synth»‘sis.  Inhihi- 
tion  of  .\('TH  n'lease  in  |•esJ)ons^‘  to  acute  stress  has  also  been  observed  following  a 
single  injection  of  SClUiSO.  .\cceleration  of  adrenal  atrophy  in  hy])ophysectomized 
rats  given  SCttOSO  indicates  an  additional,  extra-pituitary  action  of  this  steroid. 
Snpj)ression  of  ])ituitary  .XCTll  synthesis  and  release  appear  to  be  the  i)redominant 
glucocorticoid  effects  of  SC’htiSti. 

8i\-methyl-17-acetoxy-progesterone  (SC9()8())  is  a  synthetic  steroid  which,  when 
administered  orallj'  or  parenterally,  exerts  progestational  effects  in  laboratory  animals 
and  in  man  (1,  2).  Marked  adrenal  atrophy  is  also  produced  by  this  hormone  (3,  4);  this 
is  a  unique  action  for  a  progestational  steroid  and  stimulated  the  following  studies. 

METHODS  AXD  M.ATEUIALS 

Sherman  rats,  100  125  gm.,  were  maintained  in  a  constant  temperature  animal  room  on 
I’lirina  lab  chow  and  water  ad  lihitum.  Hypophyseetomized  Sprague- 1  )awley  rats,  0.5-70 
tin.,  were  obtained  frt)ni  commercial  sources  and  injections  were  begun  24  hours  post- 
iivpophysectomy.  .\nimals  were  sacrificed  24  hours  following  the  last  injection  unless  otlnu- 
'  ise  specified,  .\drenal  ascorbic  acid  was  determined  by  the  method  of  Mindlin  and  Butler  (5). 
iethods  for  extraction  and  bioassay  of  |)ituitary  .\()TH  have  been  previously  described  (0, 

SC9680*  was  injected  subcutaneously,  1  mg.  per  day,  in  0.2  ml.  peanut  oil.  Control  animals 
’  ere  injected  with  oil  alone. 

Received  July  13,  1960. 

*  This  study  supported  bj-  a  grant  from  the  Xational  Institutes  of  Health  A-2208(C). 

^  Supplied  by  Dr.  C.  Gantt,  G.  1).  Searle  &  Co.,  Chicago,  Illinois. 
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RESULTS 

SC9()86  i)ro(iuc(‘(l  adrenal  atrophy  in  both  male  and  female  rats  when  injeeted  for  7 
and  14  days  (Table  1).  Body  weight  was  diminished  only  in  male  animals.  Pituitary 
atrophy  was  seen  only  in  rats  receiving  SC9(5S()  for  14  days.  Ovarian  atrophy  was  pro- 
dueed  in  2  of  the  3  female  experimental  groups  reeeiving  SC9HS()  alone.  Thymus  atrophy 
was  not  observed  in  any  group  injeeted  with  SC9()S6  alone.  Rats  reeeiving  cortisone,  0.1 
mg.  daily  for  7  days,  did  not  manifest  adnuial  atrojihy;  this  dosage  of  cortisone  is 
e(iuivalent  to  1  mg.  of  SC9()S()  when  liver  glycogen  deposition  is  used  to  assay  glucocorti¬ 
coid  potency  (4). 


T.\BI.E  1.  KfKECT  ok  ()-METUYI,-17-.\eETOX'Y-CRO(iESTEKONE 
(SC9()8(>)  ON  or<;a.\  weiohts  in  r.\ts 


Tri-at  incut  group 

Body  wt. 
(gin.) 

.\drenal 
wt.  (gm.) 

(lonadal  wt. 
(gm.) 

Thymus 
wt.  (gm.) 

Pituitary 
wt.  (mg.) 

9 

SC'9t)86  1  mg.  X7  d.  (5) 

133  ±5t 

14±1** 

34  + 

3** 

344  +42 

4.2+0  2 

Controls  (oil)  (5) 

132±4 

20  ±  1 

52  + 

4 

370  +  47 

5.4  +0.5 

9 

SCtmSt'.  1  mg.X14  d.  (10) 
Controls  (oil)  (10) 

128+4 
121  ±3 

15+1** 
35  ±2 

37  ± 
o(>  ± 

4** 

o 

— 

3. 9+0. 4** 
5.2  ±0.3 

d' 

SCOtiSO  1  mg.  X7  d.  (8) 

130+4* 

12  ±1** 

1001  ± 

.59 

312+30 

4.1  +0.2 

Controls  (oil)  (0) 

148  ±0 

27  ±  7 

1 270 ± 198 

348  ±40 

4.3±0.2 

9 

SC!(t)8(>  1  mg.  X7  d.  (0) 

120  +  1 

13  +  1** 

33  ± 

4 

3.52  +  30 

4.4  +0.1 

Cortisone  0.1  mt;.  X7  d.  (0) 

124  ±5 

28+2 

49  + 

5 

378+42 

5.3  +0.4* 

Controls  (oil)  (6) 

12()±3 

24  ±2 

30  ± 

5 

410  +  19 

4.0±().l 

9 

.\CTH,  Zinc,  4  uX7  d.  (5) 
Oil  0.2  CC.X7  (1. 

129  ±2 

41  ±4** 

49  ± 

5 

190+30** 

4.0  ±0.9 

.\CTH,  Zinc,  4  uX7  d.  (5) 
!sC0t)8(i  1  mg.  X7  <1. 

132±2 

43  +  1** 

44  + 

3 

122  +  10** 

4.2±0.4 

Controls  (oil)  (5) 

132±4 

2t>  ±  1 

.52  + 

4 

370  +47 

5.4  ±0.5 

*  P  <0.0,5  coinjiared  to  control  group. 
**  P<t).01  comp.ared  to  (•ontrol  group. 
+  Mean  +  standard  (uror  of  the  mean. 


Microscopic  examination  of  adrenal  glands  from  the  SC9(>St)  groups  revealed  atrophy 
involving  all  zones  of  the  adrenal  cortex,  although  the  zona  fasciculata  showed  the  most 
striking  changes.  Severe  lijiid  depletion  was  observed  throughotit  the  adrenal  cortex 
with  the  excejition  of  the  zona  glomerulosa. 

The  concurrent  administration  of  SC9686  and  ACTH  jirodticed  the  .same  degree'  of 
ailrenal  hypertroiihy  as  did  .\CTH  given  alone  (Table  1).  The  two  .\C'TH-treated 
groups  showed  the  expected  atroiihy  of  the  thymus  gland  and  also  failed  to  develop  the 
ovarian  atrophy  elemonstrated  by  the  group  given  SC9686  alone.  The  latter  observatioti 
cannot  be  easily  exjilained,  although  it  may  be  analogous  to  the  apparent  trophic  cfTci  t 
of  cortisone  on  ovarian  and  pituitary  size  which  occurred  in  the  group  of  rats  injectf  I 
with  0.1  mg.  of  cortisone. 

Pituitary  AC'TH  concentration  was  significantly  diminished  in  all  groups  receivii 
809686  (Table  2).  No  pituitary  .\CTH  depletion  was  observed  in  the  subgroup  receivi:  ' 
0.1  mg.  of  cortisone.  Since  the  rats  treated  with  SC9686  for  14  days developed  pituita 
atrojihy,  the  depletion  in  jiituitary  .\('TH  eontent  was  greater  than  the  dejilction  u 
.VC'TH  concentration,  the  former  being  55  per  cent  and  the  latter  73  per  cent  of  contr  V 
.\  single  dose  of  10  mg.  of  .S('9686  in  oil  prevented  the  adrenal  ascorbic  acid  depict  i  i 
which  was  observed  4  hours  after  injection  of  0.5  ml.  of  oil  alone  (Table  3,  Exp’t.  A).  i 
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Tablk  2.  I )kim.kti().\  ok  imtlitauy  A(JTll  <  (»N(  kntration 

K()I,I.O\VIN<i  SC!>t)8()  TRKATMENT 


Treatment  group 

Pituitary  ACTH 
concentration* 

Per  cent  of  eon¬ 
trol  value 

9 

SC0G8G  1  mg.  X7  d.  (5) 

Controls  (oil)  (4) 

.54  (  42-  74)** 

95  (  7!)- 114) 

.57% 

9 

SC9t)8t)  1  mg.  X14  d.  (0) 

Controls  (oil)  (9) 

85  (  74-  9tt)** 

IIG  (102-135) 

73*** 

cf 

SC9l)8G  1  mg.  X7  d.  (8) 

Controls  (oil)  (5) 

72  (  GO  87)** 

104  (  89  123) 

G9 

9 

SCMJt)8G  1  mg.  X7  d.  (5) 

G2(  48-  81)** 

57 

Cairtisone  0.1  mg.  X7  d.  (5) 
Controls  (oil)  (5) 

101  (  83-141 ) 

108  (  78-132) 

!»4 

*  Milliuliits  [MT  niK.  wet  pitiiitary  tissue.  Fifjures  iti  parentheses  are  !(5%  eonfideiiee  limits 
**  P<().05  eonipared  to  eontrol  ti;rou|). 

***  Pituitary  .\CTH  content  =55%  of  eontrol  (see  text). 


auotlier  e.xperimeiit,  a  tfroup  of  animals  was  given  the  oil  injection  strc‘ss  and  half  were 
unilaterally  adrenaleetoinized  4  hours  later.  Aseorhie.  acid  levtds  0  hours  following  tin* 
oil  injection  alone  were  still  depleted,  whereas  aseorhie  acid  depletion  did  not  occur  in 
the  SCOBSfi-treated  animals  between  the  fourth  and  sixth  hours  desinte  the  added  stn'.ss 
of  unilateral  adrenalectomy  (Table  3,  Exp’t.  11). 

Administration  of  SCOOSG  for  1  week  produced  significant  a«lrenal  atrojdiy  in  a  group 
of  hy|)ophysectomized  female  rats  (Table  4).  This  atrophy  remained  significant  follow¬ 
ing  analysis  of  covariance  with-  the  body  weights  of  the  two  groui)s  which  also  differed 
significanth'.  Another  group  which  had  receivc'd  oil  injection  but  which  were  not  sacri- 
ficcfl  until  8  days  after  the  last  injection  showed  a  more  i)rofound  degree  of  adnmal 
atroph\',  and  also  ovarian  atrophy.  As  in  the  jjrevious  experiments,  SCOtiSG  treatment 
did  not  result  in  atrophy  of  the  thymus  gland.  Comi)leteness  of  hypoj)hysectomy  was  as¬ 
sured  by  post-mortem  craniotomies  in  several  animals  from  each  group. 

Table  3.  Ekkect  ok  si\(;i.e  dose  ok  St'iHiHd  ox  ascorbic  acid 

DEI’LETIOX  KOLI.OWINO  STRESS 


l']x|)’t  .\.  0.5  ml.  oil  injection  used  as  stress;  adnmal  ascorbic 
acid  d(‘termincd  4  hours  post-inji'ction 


Croup 

.\drenal  ascorbic  aci<l' 

I'ninjeeted  controls  (5) 

Oil  injection  alone  (5) 

Oil  injection  plus  10  mg.  SC'.tGSti  (5) 

.501  4-17 

383  +  23" 

4.54  +  IG 

I'ixp’t  H.  0.5  ml.  oil  injection:  left  adrenalectomy  4  hours  post- 
inji'ction;  right  adrimals  obtaiiu.d  G  hours  post-injection 

.\drenal  ascorbic  acid' 

licft  Right 

.A 

Oil  injection  alone  (4) 

Oil  injection  plus  10  mg.  SC9G8G  (4) 

330  +  28  ,300  +  40 

435  ±28'  .523+47" 

-.30+40 

+88+27" 

'  Micrograms  per  100  mg.  adrenal  weight.  Mean  ±standard  error. 

^  Differs  signiheantly  at  5%  level  of  conGdenee  when  <-ompared  to  the  2  other  experi- 
.'■ntal  groups. 

’  Differs  significantly  at  1%  level  of  confidence  from  oil  injection  group. 

*  Differs  significantly  at  5%  level  of  confidence  from  oil  injection  grouj). 
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TaBLK  4.  I'lKtKCT  OK  SC'iMiSO  on  0R<!AN  WKIGHTS  in  HYPOl'HYSEl'TOMlZKI)  FEMAI.E  HATS 


Tri'at  incut  grouj) 

body  wt. 
(gm.) 

.\dreual  wt. 
(mg.) 

Ovarian  wt. 
(mg.) 

Thymus  wt. 
(mg.) 

('outrol  (lr<)U|) 

0.2  cc.  oil  X7  (i.ays 
u  =  8 

72  ±2 

11 .7±0.4 

14.1  ±0.5 

193  ±22 

S('9<)8t) 

1  mg.  X7  (lavs 

11=9 

68  ±  1  * 

9.8±0.3** 

13.4  ±0.7 

Uio  ±27 

2  w»‘ek  Controls 

0.2  cc.  oil  X7  days 

No  HxX7  (lavs 

11=9 

( (  +  2 

8.!»  ±0.3** 

7.9±0.7** 

182  ±  2 

*  l’<().()5  coinpitrcd  to  control  group. 
**  1*<0.()1  compared  to  control  group. 


DISCUSSION' 

SCOliSl)  aiipoars  to  lie  a  potent  suppressor  of  both  synthesis  and  release  of  .\('TH 
by  the  anterior  iiituitary,  and  in  this  respect  resembles  glueoeortieoids  such  as  cortisone 
(7.  8).  .\lthough  S('9()86  exerts  other  glucocorticoid  effects  (anti-inflammatory  assays, 
liver  glycogen  deposition),  it  is  considerably  less  jiotent,  as  measured  by  these  param- 
etiTs,  than  hydrocortisone  (3).  The  jiartial  dissociation  between  jiituitary-inhibition  and 
other  glucocorticoid  actions  which  is  exhibited  by  SCOGSfl  aiiparenth'  is  not  relatial  to 
its  progestational  activity,  since  other  potent  progestational  compounds  such  as  17o 
ethinyl,  19-nortestosterone  do  not  cause  adrenal  atrophy.  No  certain  correlations  be¬ 
tween  structure  and  function  can  be  inferred,  although  it  is  worth  noting  that  neither 
the  11  or  21  jiosition  is  hydroxylated  in  this  steroid,  in  contrast  to  most  other  natural 
and  synthetic  glueoeortieoids.  Since  this  eompound  has  been  employed  in  clinical  medi¬ 
cine  for  over  2  years  without  adrenal  hypofunction  yet  being  reported,  the  intuitary  sup- 
jiression  seen  in  the  rat  may  b(‘  species-related. 

To  the  extent  that  the  two  studies  can  be  com))ared  directly,  the  <lata  in  Table  1 
confirms  that  of  (llenn  ct  nl.  (3)  concerning  the  failure  of  S('9()8()  to  produce  adrenal 
atrojihy  when  .VC’TH  is  administi'red  concurrently.  However,  the  data  obtained  in  hy- 
poiihysectomized  animals  and  summarized  in  Table  4  indicate  that  S(’9f)S()  may  induce 
adrenal  atrophy,  in  jiart  at  least,  by  an  e.xtra-pituitary  effect,  possibly  through  a  direct 
action  on  the  adrenal  cortex.  .Vlthoiigh  this  action  is  jirobably  less  important  ([uantita- 
tively  than  the  pituitary-supiiression  induced  by  S('91)8(),  the  conclusion  of  (llenn  et  nl. 
that  this  steroid  jiroduces  adrenal  inhibition  o/i///  in  the  jiresence  of  an  intact  iiituitary 
gland  is  not  supported  by  this  exiieriment. 

I)oN'.\Li)  IIoLun,  Frki)  H.  K.atz* 
.\NU  .Joseph  W.  .Jailer^ 

!)( imrlmenh  of  Medivine,  ObsUlrics  and  (hjmeologij 
College  of  I'/igsieians  and  Surgeons 
Columbia  I'niversitg 
and 

Presbyterian  Hospital 
\ew  York,  X.  Y. 


’  Fellow  of  The  National  Foundation,  1959-60, 
*  Deceased. 
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MAIXTKXAXC'K  OF  I’RKdXAXC’Y  WITH  PROLAC'TIX  OR 
RROOHSTKROXK  IX  RATS  OX  A  SrC'ROSF  DIET* 


AHSTRAOT 

The  feeuiidity  of  ieinale  rats  on  a  <liet  of  suerose  and  distilled  water  during  pres- 
naney  was  compared  to  rats  (tn  the  same  diet  receiving  daily  injections  of  4-9  i.r. 
prolactin  or  5  mg.  ])rogesterone.  .\t  autopsy  on  the  21st  day  after  mating  there  was 
an  averages  of  8.1,  10.8,  and  10.0  implantation  sites  which  included  2.2,  7.0,  and  7.8 
living  young  jier  rat  in  the  control,  progesterom*,  and  prolactin  groups,  n'spec- 
tively.  It  is  suggested  that  rats  on  a  diet  of  oidy  sucros»“  have  ;i  deficiency  of  prolactin. 

It  has  been  shown  that  exogenous  jirogesterone  maintains  prc'gnancy  in  females  on 
various  deficient  diets  which  alone  will  not  sustain  |)regnancv.  It  was  suggested  that  there 
wen*  inadec[uate  h'vels  of  endogenous  progi'sterone  when  the  animals  were  on  deficient 
di(‘ts  (7).  This  expi'riment  was  eonducted  to  determiiu'  whether  or  not  the  luteal  tissue' 
of  rats  on  a  sucrose'  eliet  eoulel  rc'siKmel  tei  inje'cte'el  |)re)lae'tiu  by  secreting  levels  of  jirei- 
ge'sterone  high  eneiugh  to  maintain  pregnancy. 

MKTHOD.S 

Veiung  female  rats  of  the  Heiltzman  strain  we're'  ranelomly  jilaceel  in  e)ne'  eif  thre'e'  gretups 
on  the'  elay  of  mating  as  eletermine'el  by  the  jiresence  eef  vaginal  plugs.  .Ml  greeujes  were  fe-el 
siicreese'  anel  distilleel  water  ael  libitum.  One'  gremp  re-e'e-ive-el  elaily  inje'e-tiems  of  4-0  i.r.  eef  jire)- 
lactin,®  one  group  receive'el  daily  injee-tions  eef  5  mg.  jireege-ste-reene,  anel  the'  other  re-e'e'ive'el  nee 
tre*atment. 

Heedy  weights  we're'  re'coreh'el  e've'ry  othe'r  elay.  The-  female's  we-re'  auteepsie'el  on  the'  21st  day 
.ifte'r  mating.  The  numbe'rs  of  corpeera  lutea,  living  and  eh'ael  yeeiing,  anel  implantiitieen  site's 
we're'  re'e'eerele'el. 


RESULTS  AXI)  UlSCUSSIOX 

'I'he  re'sults  are'  shown  in  Table  1.  'riu'  weight  leesses  e)f  the  females  feir  the'  21  ehn’s 
.'ifter  mating  were  20.  22,  anel  25%  for  the  prolactin,  preige'sterone  anel  no  trc'atment 
groujis,  re'S|)e'e'tive'ly.  The  fetus  weights  were  09%  e)f  theese  freem  females  on  a  ceemplete 
eliet  anel  similar  te)  those  e)n  a  low  mineral  eliet  (7). 

It  has  be'en  pre'viously  repeerteel  some  rats  were  able  te)  carry  living  young  on  a  eliet 
i  f  sucrose  alone  anel  injections  of  jireegesterone  greatly  inereaseel  tlie  number  of  female's 
1  irrying  young  and  the  average  number  of  j’oung  jter  female  (7). 

Re'ceiveel  .\ugust  2,  19()0. 

'  .\n  abstract  of  this  pape'r  was  presenteel  at  the  Meetings  of  the  American  Society  of 

nimal  Rroeluetion,  1950. 

^  The  authors  wish  to  thank  Armour  Laboratories,  Inc.,  for  provieling  the  prolactin 
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Table  1.  The  ekeect  ok  kkooestekone  and  i'kolactin  injections  on  the 

MAINTENANCE  OK  I’REONANCY  IN  THE  SCCKOSE  KEI)  RAT 


No. 

mated 

Treatment 

\Vt.  loss 

No.  preg. 
at  time  of 
autopsy. 

Voung  per  female 

Living  Dead  Sites 

Avg. 
fetus 
wt.  (gm.) 

13 

None 

25% 

3 

9  9 

0 

5.9 

2.4 

5 

Progesterone 

22% 

7.0 

2.8 

0.4 

2.9 

5 

Prolactin 

20% 

4 

7.8 

2.0 

2.0 

2.1 

These  results  eoiifirin  the  aliove  fiiidiiiKs  anti  extend  them  to  iirolaetin.  The  nuinher 
of  livinf;  yoiiiiK  in  the  prolactin  and  jiroKesterone  injected  frroups  were  similar  hut 
somewhat  below  the  average  of  !).4  for  this  strain  on  a  complete  diet  (7).  The  numbers  of 
females  having  living  youiiK  were  4  out  of  o,  o  out  of  5,  and  3  out  of  13  for  the  prolactin. 
jiroKesterone  and  no  treatment  respectively. 

'I'he  sites  listed  in  Table  1  art*  the  im])lantation  sites  which  have  no  embryonie  or 
lilaeental  remnants.  The  average  number  of  youiiK  living  and  dead  was  10.4,  9.S,  and 
2.2  for  the  progesterone,  jirolaetin  and  no  treatment  groups,  respectively.  This  indicated 
that  normal  numbers  of  embryos  implanti'd  and  were  maintaincfl  for  a  longer  time  in  the 
treated  than  in  the  untreateil  females. 

'i'hese  results  suggest  that  the  luteal  tissue  of  the  rat  fed  only  sucrose  during  jireg- 
nancy  was  capable  of  secreting  more  progesterone  under  the  luteotrophic  action  of  jiro- 
lactin.  Also,  it  seems  that  the  feeding  of  only  sucrose  caused  a  defieienev  in  the  seendion 
of  jirolactin  whiidi  caused  a  decrease  in  the  progesterone  secretion  and  the  resultant  loss 
of  fetuses. 

H.  L.  Hays  and  K.  A.  Kendall 

I)(  pdrlmenl  of  Dniri/  Srience 
I'niversitif  of  fllinois 
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THE  EEEECT  OF  CORTISOL  ON  (ILCCOSE  CPTAKE  BY 
RAT  EPIDIDYMAL  FAT  PADS* 

ABSTRACT 

The  in  vitro  rate  of  glucose  uptaki-  liy  epididymal  fat  pads  removed  from  adrenal- 
ectomized  rats  is  decreased  if  the  rats  have  been  previously  injected  with  cortisol. 
Significant  effects  in  150-200  gm.  rats  are  obtained  with  0.5  mg.  cortisol,  given  in  a 
single  subcutaneous  injection.  The  effect  can  be  oliserved  within  1.5  hours  after 
injection. 

Recent  in  vivo  experiments  with  fastial,  adrenalectomized  rats  (1)  have  led  to  tl 

Received  August  18,  1900. 

*  This  investigation  was  supported  by  a  research  grant  (A-3535)  from  the  Natioi;  1 
Institute  of  Arthritis  and  Metabolic  Diseases,  Public  Health  Service. 
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Table  1.  Hate  ok  (jllcose  lbtake  by  epididymal  fat  pads  in  vitro  at  varioi  s 
TIMES  after  one  ST BCI  TA N EOl  S  INJECTION  OF  2.5  MO.  CORTISOL 

At  tlip  stated  times  after  injection  the  rats  were  killed,  and  the  fat  jiads  ineiihated  as  de¬ 
scribed  in  the  text.  The  control  group  was  injected  1.5  hours  with  suspension  medium.  Glu¬ 
cose  uptake  in  MiRoles/gm.  wet  weight/2.5  hours  incubation.  Each  value  is  the  mean  from  a 
grou])  of  five  rats,  with  standard  deviation  of  sample. 


Time  after  injection  ; 
(hours) 

Glucosi'  u|)take 

0.5 

1  .47  +o..5:j 

1.5 

1  .21  ±0.23 

Control 

1.83  ±0  .54 

tentative  conclusion  tliat  one  of  the  earliest  (‘ffects  of  injected  cortisol  is  to  reduce  tlie 
rate  of  glucose  ujitake  by  epididyinal  fat  pads.  In  the  e.xperinients  reported  here  it  is 
now  shown  that  the  in  vitro  rate  of  glucose  ujitake  by  epididyinal  fat  pads  is  reduced 
when  the  rats  from  which  fat  jiads  are  removed  have  been  injected  with  cortisol. 

Male  Sprague- Da wley  rats  (Charles  River  Breeding  Laboratories)  weighing  150-200 
gm.,  were  used  on  the  fourth  day  after  adrenalectomy.  The  results  in  Table  1  and  in 
Table  2,  Expt.  1  were  obtained  with  rats  that  were  fasted  for  about  24  hours  before,  and 
iluring,  the  experiments;  those  in  Table  2,  Expt.  11,  with  rats  that  were  not  fasted.  Expt. 

1  and  Expt.  11  were  run  at  different  times,  with  different  groups  of  rats,  so  the  absoluti' 
values  obtained  are  not  comparable.  Subsequent  to  adrenalectomy  the  rats  were  given 
0.9%  sodium  chloride  to  drink.  Cortisol  (California  Corp.  for  Biochemical  Research) 
was  injected  subcutaneously,  in  1.0  ml.  suspension  medium  (riijohn  No.  98  Sterile 
Vehicle).  Control  rats  received  1.0  ml.  suspension  medium.  Epididyinal  fat  pads  were  ri'- 
moved  and  incubated  in  Krebs-Ringer  bicarbonate  medium,  following  in  general  th(> 
procedures  described  by  AVinegrad  and  Renold  (2),  but  with  certain  variations  of  detail; 
both  fat  pads  from  each  rat  were  incubated  together  in  a  25  ml.  Erlenmeyer  flask,  with 
1.0  ml.  medium  containing  initially  2.8  jumoles  glucose  (50  mg.  jier  100  ml.).  Glucose 
uptake  was  determined  bj-  measuring  the  decrease  in  glucose  concentration  in  the  me¬ 
dium  after  2.5  hours  incubation.  The  concentration  of  glucose  was  determined  by  the 
glucose  oxidase  method  (“Glucostat,”  Worthington  Biochemical  Corp.). 

Two  parameters  of  the  cortisol  effect  have  been  studied  so  far;  the  rate  of  onset  of  tin* 
effect,  and  the  dependence  on  the  amount  of  cortisol  injected.  The  data  in  Table  1  show 
that  by  1.5  hours  after  injection  of  2.5  mg.  cortisol,  the  decrease  in  the  rate  of  glucose 
uptake  is  clearly  established  (at  a  significance  level  of  P<  .05).  When  the  rates  of  glucose 
uptake  are  measured  2.5  hours  after  injection  (Table  2),  highly  significant  decreases  are 

Table  2.  Hate  of  olucose  vctake  by  epididymal  fat  pads  2.5  hours  after 
ONE  subcutaneous  INJECTION  OF  VARIOUS  AMOUNTS  OF  CORTISOL 

Hats  were  killed  2.5  hours  after  injection,  and  the  fat  pads  incubated  as  describi'd  in  the 
text.  Glucose  uptake  in  */Liinoles/gm.  wet  weight /2. 5  hours  incubation.  Each  value  is  the 
nieaii  (five  rats  jier  grou])  in  Expt.  I,  six  in  Expt.  II),  with  standard  deviation  of  sample 


Experiment  ! 

Cortisol  injected  j 
(mg.) 

Glucose 

uptake 

Control 

2.81  ±0.30 

I 

0.1 

2.44  ±0. 06 

(fasted) 

0.5 

2. (M)  ±0.38 

2.5 

1.17±0.25 

II 

Control 

1  .t)6±0.10 

(not  fasted) 

2.5 

1.04  ±0.30 

ISO 
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obtained  with  0.5  and  2.5  ing.  cortisol  (1’<.01  and  .001  respectively,  the  latter  value 
holding  both  for  Fixpt.  I  and  Kxjd.  11).  These  eonelusion.s  remain  essentially  unalb'red 
if  the  rates  of  glucose  uptake  are  expressed  in  terms  of  the  defatted  dry  weight  of  tissue 
(3),  rather  than  in  terms  of  w*‘t  weight. 

It  is  not  clear  at  present  whether  cortisol  acts  directly  on  the  fat  pad,  either  inde- 
j)endently  or  perhaps  in  conjunction  with  other  hormone's,  or  whether  it  acts  at  some  site' 
remeete  freem  the  e'liididymal  fat  paels.  Perhaps  eef  seeme'  significance  in  this  re'spe'ct  is  the* 
re'|)ort  of  C'eerrea  et  nl.  (4)  that  the  in  vitro  stimulation  eef  glucose'  ujetake  jjreeeluceel  by 
insulin  in  fat  jeaels  is  reeluceel  by  prior  inje'ctieen  e>f  the  elonor  rat  with  cortiseene',  no  e'ffect 
be'ing  eebse'rveel  unless  insulin  was  aehh'el;  however,  tlu'ir  expe'rimental  e'emelitions  were* 
sufficiently  elifTere'iit  freem  theese  einjeheye'e!  here  that  a  strict  coinjearisem  e>f  results  is  not 
))e)ssiblc  at  this  stage'. 

A  more  extensive  re'i)e)rt  eef  the'se  findings  will  be'  prese'iited  in  a  subseepient  publica¬ 
tion. 

.Muxck 

Deportment  of  Physiology 
Dortmouth  Medicnl  School 
Hanover,  Sew  Hampshire 
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BLOOD  AS  A  SITE  FOR  THE  CONVERSION  OF 
THE  STEROID  HOR.MONES* 


ABSTRACT 

Bloe)el  from  bovine,  guinea  j)ig,  babeeon  anel  human  spe'e-ie's  was  .'separate'ly  incu- 
bateel  or  perfuseel  thre)ugh  a  glass  cannula  with  hyeireecortisone,  estrone,  eer  testees- 
tereeiie.  Chromatographic  analysis  showeel  that  each  of  the  hormejiies  undergoes  al¬ 
terations  in  chemical  structure.  The  trenel  is  towarels  the  formation  eef  leieelogically 
inactive  forms.  .\s  little  as  ten  minutes  incubation  time  was  enough  tee  sheew  e'een- 
version  preeelucts,  which  are  thought  to  be  enzymatic  in  nature. 

Re'cent  investigations  have  shown  that  estrone  undergoes  conversion  during  incuba¬ 
tion  in  blood  alone  (1-3).  These  observations  h'd  to  further  studies  to  see  if  otlu'r  steroiil- 
wen'  similarly  affected  and  if  this  was  a  sitecies — specific  or  a  general  idienomenon. 

.\n  assessment  of  the  jjotential  importance  of  the  vascular  cf)mpartment  as  a  stc'roid- 
metabolic  “organ”  was  the  prime  interest,  and  for  elucidation  of  this  point  the  qualita¬ 
tive  asi)ects  of  steroid  transformation  were  of  paramount  imi)ortance.  No  effort  wa-; 
made  to  evaluate  the  exact  chemical  structure  of  the  metabolites,  since  this  rei)resen'- 
an  entirely  different  problem. 


METHODS 

Blood  was  drawn  under  a.septic  conditions  and,  after  defibrination  with  glass  beads,  v 
either  incubated  immediately  or  allowed  to  stand  at  4°  C  for  24  hours  to  ascertain  sterilit  , 
and  then  incubated.  Incubations  consisted  of  (a)  blood  alone  as  the  medium,  (b)  blood  mix  1 

Rt'ceived  .\ugust  30,  1960. 

*  This  investigation  was  supported  by  National  Institutes  of  Health  Grants  Ni  . 
.\-1441,  .\-1078,  and  C-1609. 
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with  an  ncjiial  voluino  of  Krchs-Hiiigcr  glucose  phosphate  butt’er  pH  7.4,  or  (c)  blood  mixed 
with  White’s  solution.  No  cofaetors  or  fuinarate  were  used;  the  steroid  was  added  as  a  finely 
powdered  suspension  or  dissolved  in  a  minute  cpiantity  of  !t5%  ethyl  alcohol.  Incubations 
were  carried  out  at  37.5°  C  for  periods  ranging  from  10  minutes  to  48  hours  at  100  cpm  oscil¬ 
lation.  In  addition,  a  mock  i)erfusion  of  the  blood  (4)  was  used  in  the  long-term  experiments. 
The  blood  mixture  was  recycled  through  a  glass  cannula  by  a  pump  simulating  the  speed  and 
])ressure  of  aortic  blood  flow  of  the  animal  from  which  the  blood  was  drawn.  Control 
samples  consisted  of  aliquots  of  the  same  blood  used  for  the  experiment  but  without  added 
-teroid. 

The  reactions  were  stopped  with  acetone  and  the  control  and  experimental  blood  mixtures 
were  extracted  with  chloroform  and  ethyl  acetate  and  chromatographed  on  paper  according 
!o  the  nu'thods  of  ZalTaroni  (5)  and  .\xelrod  (ti,  7).  The  colorless  compounds  were  visualiz«‘d 
by  using  the  following  spot  test  color  reagents:  1.  Blue  tetrazolium  (5)  to  detect  the  «-ketolic 
)!•  dihydroxyacetone  side  chains  of  the  corticosteroids.  2.  Modifii'd  Zimmermann  reagent 
7)  to  demonstrate  the  j)resence  of  a  ketone  at  carbon  17.  3.  1  finitrophenyl-hydrazine  (7)  to 
ietect  a-(i  unsaturated  3-ketones  or  carbon  3-ketones.  4.  Ferricyanide-ferrichloride  mixture 
8l  to  demonstrate  phenolic  groups.  5.  Fuming  sulfuric  acid  (15%  free  SO:,”)  (b)  to  detect, 
lon-specifically,  various  steroid  metabolites,  b.  .\ntimony  pentachloride  reagent  (b)  to  dif- 
erentiate  among  some  of  the  steroids. 


KKSULTS 

The  overall  results  of  these  experiments  are  sliown  in  Tables  1-3.  Although,  as 
stated  before,  experiments  were  carried  out  from  10  minutes  to  48  hours;  the  results 
herein  shown  were  all  itresmit  after  1  hr.  of  incubation.  .Vlthough  all  spots  visualized 
with  the  aid  of  the  above  tt'sts  an>  assumed  to  b(>  results  of  the  conversion  of  tlu*  st(‘roid 
liormones,  it  shoidd  be  noted  that  they  need  not  necessarily  be  such.  One  i)ossibility 
exists  at  least,  that  the  added  steroids  disi)lac(“d  other  components  in  the  blood  by  com¬ 
petitive  adsori)tion  and  that  these  latt*‘r  non-steroidal  comi)ounds  react  with  the  func¬ 
tional  group  tests. 

Ilijdrorortifione:  Table  1  shows  tlu'  results  obtaiiu'd  after  chromatography  of  the  ex¬ 
tracts  of  blood  from  5  species  incubated  with  hydrocortisone.  Each  zone  shown  on  the 
t:d)lc  contains  at  least  one  a-ketolic  steroid  compound  resulting  from  the  conversion  of 
hydrocortisone.  The  visual  intemsities  of  the  B-T  positive  sjjots  are  graded  as  plus  1  to 
plus  5.  The  intensities  from  one  chromatogram  to  another  can  l)e  compared  since 
aliciuots  of  extract  representing  ecpial  (piantities  of  starting  material  (hydrocortisone) 
])er  volume  of  blood  were  chromatograi)hed  in  identical  fashion.  The  majority  of  metab¬ 
olites  an*  n'duced  in  the  a-/3  unsaturated  3-ketone  position  (as  shown  by  the  other  spot 
test.s)  H'gardless  of  si)ecies.  However,  the  total  number  of  conversion  products  maintain¬ 
ing  the  a-ketolic  side  chain  (>xceeds  the  theoretical  maximum  number  of  simple  A^-3- 
ketone  reduction  i)roducts  (4  isomers)  which  coulil  be  obtained  if  onl\-  this  portion  of  the 
molecule  were  attacked. 


T.\BI,E  1.  a-KKTOl.ir 

.MET.^BOI.ITES 

OF  n YDKOCOKTISO.NE^ 
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B  =  Initial  hormone  concentration  -  (i  mg./lOO  ml.  blood. 
'=C3H  strain  mice  with  no  tumors. 
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Tabi.k  2.  Phknoi.k'  metabolites  ok  estrone'  in  blood” 


Clironiato(?rain  zone  Mouse*'  9  (Jiiinea  pig  9  Cow'*  Human''' 


I  !  J  +  + 

~  2  +  +  + 

I  3  +  + 

i  i  +  +  + 

-  i 

A  =  Chromatographed  in  the  solvent  systems  o-diehoro-henzene-formamide  and  methyl- 
eyelohexane-jiropylene  glyeol. 

H  =  Initial  hormone  eoneentration— 2  mg./HM)  ml.  hlood. 

C'=('3H  strain  miee  with  no  tumors. 

1)=  Pregnant  (-IJ  (•  mos.) 

E  =  Non-pregnant  females,  age;  2i(-3()  years. 


Hatronc:  The  results  of  ineuhating  estrone  with  separate  hlooil  mixtures  of  4  speeies 
are  depieted  in  Tahh*  2.  Eaeh  zone  sliown  by  a  plus  sign  contains  at  least  one  phenolii' 
eoniitound  not  found  in  control  blood.  .\rea  2  in  cow  blood  chromatograms  has  been 
shown  to  contain  estradiol-17a  (9).  No  evidence  for  the  formation  of  estriol  or  its  isomers 
has  beim  obtained  from  these  preparations. 

Testosterone:  Results  of  the  incubation  of  testosterone  in  the  blood  of  cows,  steers, 
male  and  female  guinea  pigs  and  humans  are  shown  in  Table  3.  No  products  indicating 
reduction  of  the  a-/3  unsaturated  3-ketone  of  testosterone  were  found,  nor  was  the  oxida¬ 
tion  product,  4-androsten-3,  17-dione,  observed  (10).  .Vreas  1  and  2  includes  compounds 
more  polar  than  testosterone,  indicating  further  oxygenation  of  the  molecule. 

DI.SCUSSIOX 

To  demonstrate  the  cajiacity  of  an  organ  to  alter  a  hormone  it  is  not  reipiisite  lo 
identify  the  chemical  structure  of  the  product.  In  the  jiresent  study  it  has  been  shown 
unequivocally  that  blood  of  various  mammalian  sp(>ci(*s  can  alter  steroid  hormones  in  a 
surprisingly  short  time,  producing  a  multijilicity  of  conversion  jiroducts.  It  is  elear  that 
eventually  a  conqiletc  description  of  the  conversion  jiroducts  will  be  requiri'd;  and  the 
full  significance  of  the  conversion  jihenomena  will  not  be  known  until  the  jirecise  nature 
of  the  metabolites  are  established,  and  as  stated  abovi',  that  these  compounds  are  truly 
conversion  products. 

The  data  available  from  our  studies  jiermit  the  following  generalizations,  however, 
with  resjiect  to  the  steroid  conversion  jirocess: 


Table  3.  C'onversion  i'hodlcts  ok  testosterone'  in  blood” 


('hroniato^ra  in 
zone 

(’ow 

Steer 

(lUinea  jug 

(iiiinea  jiig 

9 

[Lsed 

ity 

+ 

+ 

+ 

+ 

-h 

E  -  '  2 

+ 

+ 

r-s  !  3 

+ 

+ 

.\=The  jilus  sign  represents  conversion  jiroducts  in  areas  reacting  to  2,4-dinitroi)tie  1- 
hydrazine  and/or  Zimmerman’s  reagent.  Samjiles  were  chromatogramed  in  the  sob  at 
systems  methylcyclohexane-projiylene  glycol  and  cyclohexene-formamide. 

B  =  Initial  hormone  concentration  2  mg./lOO  ml.  blood. 
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The  reaetioii  is  rapid  and  i)r()hably  cnzyinatie.  Sif^nifieaiit  (piantities  of  the  liormones 
were  eonverted  in  as  little  as  10  minutes  ineuhation  time.  Sinee  the  steroid  substrates 
were  present  in  unphysiolonieal  eoneentrations,  (2-0  luf'.  100  ml.  blood),  it  is  reasonable 
to  a.ssume  that  the  enzymes  involveil  are  overloaded.  Consetiuently,  if  these  eom])ounds 
were  present  in  the  blood  at  mueh  smaller  and  more  normal  eoneentrations,  the  jiossibil- 
ity  of  their  existing  therein  in  the  forms  used  in  these  experiments  would  apjiear  to  be 
slight  after  a  short  time  had  elaji-sed,  (given  that  no  new  hormone's  were  elaborated  by  the 
endoerine  glands  and  the  metabolites  were  eleared  by  the  kidney).  .Mso.  many  of  thi' 
eonversion  produets  whieh  have  “piled  up”  in  the  elosed  system  would  in  vivo  be  eon¬ 
verted  to  final  produets  or  e.xereted  as  sueh.  It  should  al.so  be  noted  that  the  trend  in 
these  metabolisms  is  for  the  hormone  substrates  to  be  eonverted  to  biologieally  less  active 
forms  (estrone  to  estradiol  17a.  hydroeortisone  to  ‘tetrahydro’  forms,  and  testosterone 
to  a  more  oxygenated  structure). 

■Vlthough  in  all  species  studied  eonversion  products  of  the  steroid  substrates  occurred, 
from  the  chromatographic  and  spot-test  data,  it  is  obvious  that  the  conversion  products 
and  the  relative  amounts  formed,  are  speeie.s-eharaeteristic.  Indeed,  the  data  of  Table  1 
on  hydrocortisone  indicate  even  a  difference  in  the  manner  in  which  steer  blood  metab¬ 
olized  hydrocortisone  as  compared  to  cow  blood. 

While  the  liver  has  the  cai)acity  to  convert  steroids  in  large*  (piantity  and  with  great 
rapidity,  oidy  a  fraction  of  the  circulating  blood  issuing  from  the  heart  passes  through 
the  liver  at  each  i)ass.  The  amount,  roughly  calculated,  is  of  the  onh'r  of  10%  i)er  pass. 
On  this  basis  the  liver  would  need  to  have  ten-fold  the  activity  of  the  blood,  at  each  pass, 
to  he  able  to  convert  in  a  unit  of  time  the  same  gross  amount  of  hormone.  Tlu'  immt'diate 
secretions  from  the  endocrine  organs,  in  all  cases,  however,  avoids  the  portal  circulation, 
and  the  conversions  which  occur  in  the  blood  therefore,  may  be  of  ecpial  if  not  greater 
significance  to  homeostasis  than  those  whieh  occur  in  other  organs. 

Lkonaki)  R.  .\xklkoi) 
Nic’mol.as  T.  Wkkthksskn 

l)( partnient  of  PhiiKiology  and  liioclieniislrii 
Southivcst  Foundation  for  Research  and  Edueation 
t>an  Antonio,  Texas 

REFERENCES 

1.  Wkktmksskx,  N.  T.,  C.  F.  H.MvKR  .\m>  N.  S.  Fiki.I):  ,/.  liiol.  ('heni.  184:  145.  li).5(). 

2.  Wkuthksskn,  N.  T.,  C.  F.  H.akkh  .and  N.  S.  Fikld:  Anier.J.  Fhnsiol.  167:  Khi.  1951. 

3.  (Ir.ay,  C.  L.  .\xi)  F.  Biscuokk:  Anier. ./.  Physiol.  180:  279.  1955. 

4.  Wkrthksskn,  N.  T.:  Zeit.  f.  Vit.  and  llor.  Perm.  6:  422.  1954. 

5.  Z.AFF.ARoxi.  .V.,  R.  Burton  .and  H.  II.  Kkutm.ann:  J.  Biol.  Ghent.  188:  793.  1951. 

<i.  .VxKLRoi),  L.  R.:  J.  Biol.  Cheni.  201:  59.  1953. 

7.  .VxKUROi),  L.  R.:  J .  Biol.  Ghent.  205:  173.  1954. 

S.  B.arton,  (1.  II.,  R.  S.  Hv.ans  .anu  .1.  .\.  F.  (I.ardnku:  .Xntttre  170:  249.  1952. 

9.  .\xKLROi),  L.  R.  .A.Ni)  N.  T.  Wkrtiifsskn.  .\reh.  of  Bioehent.  and  Biophys.  86:  53. 
1990. 

10.  Ricmtkricu-V.an  B.afriu;,  R.,  II.  II.  Won/,  and  II.  M.  I,i;mon:  Experientia  10:  B 
308.  1904. 


184  NOTES  AND  C’OMMKXTS  Volume  GS 

LEUCINE  AMINOPEPTIDASE  IN  THE  GASTRIC  .MUCOSA  OF 
THE  AI)RENALE('TOMIZEI)  RAT' 

ABSTRACT 

The  effect  of  adrenalectomy  on  the  HHstric  mucosa  of  the  rat  was  studied  hy 
liistochemical  means.  In  the  normal  rat  leucine  aminopeptidase  activity  was  rela¬ 
tively  strong,  particularly  in  the  basal  parts  of  the  gastric  glands.  In  the  adrenal- 
ectomized  animals  activity  was  markedly  decreased.  It  appears  j)rol)able  that 
leucine  aminopei)tidase  is  connected  with  the  synthesis  of  pepsin  in  gastric  glands, 
because  it  seems  likely  that  this  enzyme  has  a  role  in  protein  synthesis  in  tissues.  In 
this  instance  the  result  agrees  with  obs(‘rv'ations  made  i)r(‘viously  in  a  number  of 
experimental  and  clinical  studies. 

'I'lie  adrenal  cortex  modifies  the  seeretory  activity  and  liistochemistry  (1,2)  of  the 
stomach.  The  cytology  and  structure  of  the  gastric  mucosa  are  altc'red  by  administration 
of  cortical  hormones  or  adrenalectomy  (3).  The  importance  of  cortical  hormones  is  in- 
<lieated  by  the  pathology  which  may  arise  under  conditions  of  varying  adrmioeortieal 
activity,  e.g.,  after  administration  of  .\CTH  to  human  patients  latent  peptic  ulcers  may 
become  active  (4). 

The  presmit  study  was  carried  out  in  order  to  investigate  whetluT  adrenalectomy  in 
the  rat  infliuuuM's  histoehemieally  demonstrable  leucine  aminojieptidase  of  the  gastric 
mucosa.  Nachlas,  ('rawford  and  Seligman  (5)  have  shown  a  strong  activity  of  this 
enzyme  in  the  gastric  mucosas  of  the  rat,  esi)eeially  in  the  basal  i)arts  of  gastric  glands. 

MATKKI.\L  .\M)  METHODS 

Of  twenty  male  adult  albino  rats,  weighing  about  230  gm.,  ten  were  adrenalectomized  and 
ten  used  as  controls.  The  operated  rats  and  the  control  animals  received  drinking  water  and 
food  0(1  lihituiii.  The  rats  were  killed  by  deca))itation  without  anesthesia  10  days  aft»‘r  the 
operation.  The  stomachs  were  removed  immediately  and  frozen  with  ilry  ice.  Sections  were 
cut  witli  the  Pearse  cold  microtome  at  8-30^. 

Leucine  aminoj)eptidase  activity’  was  demonstrated  by  the  method  of  Nachlas,  Crawford 
and  Seligman  (5). 


KESCLTS 

In  sections  from  the  animals  of  the  control  grouj)  strong  leucine  aminop(‘i)tidas*‘  ac¬ 
tivity  was  observed,  especially  in  the  basal  parts  of  the  gastric  glands  where  the  zymo¬ 
genic  cells  are  mainly  located  (Fig.  1).  In  the  adrenalectomized  rats  activity  was  clearly 
decreased  in  the  gastric  mucosa.  Occasionally,  a  slight  puri)lish  blue  strain  was  dis¬ 
cernible,  which  indicateil  a  minimal  activity  of  the  enzyme  (Fig.  2).  This  finding  was 
made  in  all  the  opcTated  animals. 


DI.SCUSSION 

Baker  and  Bridgman  (3)  showed  that  seeretory  activity  is  supi)ressed  in  the  zymo¬ 
genic  cells  of  the  stomach  of  the  rat  by  adnuialectomy.  These  eytological  observations 
agreed  with  the  observation  of  Tuerkiseher  and  Wertheimer  (fi)  that  gastric  juice  secreted 
in  adrenalectomized  animals  under  the  influence  of  earbamylcholine  chlorule  is  low  in 
pt'psin,  whereas  administration  of  adrenocortical  hormones  increases  the  seendory  ai  - 
tivity  of  zymogenic  cells.  In  i)ati<‘nts  reecuving  .VC'TH  Spiro,  Reifenstein  and  Gray  (') 
found  an  immediate  and  marked  increase  in  the  24-hour  excretion  of  uro])e])sin,  a  pi>  - 
teolytic  enzyme  originating  in  the  stomach  ])robably  from  pei)sinogen.  Total  gasti  '• 
resection  abolished  this  effect.  Patients  who  had  adrenal  insufficiency  excreted  i  > 
uroi)epsin  in  the  urine  and  did  not  respond  to  .\GTH  by  e.xcreting  any.  Ingle,  Sheppai  . 
Oberle  and  Kuizenga  (8)  found  deep  ulcers  in  the  in  loric  portion  of  the  stomach  of  ra  s 
that  were  treated  with  large  do.ses  of  cortisol. 
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Tlu‘  i)hysiol<)};ical  imijortanco  of  loucine  aniino]K“i)ti(las(‘  is  ()i)seur(“.  It  is  assumed  tliat 
its  activity  in  tlie  tissues  may  l)e  eonneetf'd  with  i)roduetion  of  protcuiis.  In  fact,  Pearse 
and  Tremblay  (9)  were  able  to  demonstrate  a  i)resum|)tive  direct  relationship  between 
the  synthesis  of  the  hormones  of  the  i)arathyroid  shind  and  the  activity  of  leucine 
:inunopei)tidase.  In  our  study,  the  reduced  leucine  aminopeptidase  activity,  may  simi¬ 
larly  be  eorrelatcfl  with  the  lowered  sj  nthesis  of  the  protein,  pepsin. 

8.  Talanti  and  VainT)  K.  Hopsu 

Department  of  Anatom p 
Veterinarp  College 
Helsinki,  Finland 
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Eig.  1.  Gastric  mucosa  of  a  control  rat. 
There  is  a  iiositive  reaction  for  leucine 
aminope])tidase.  Incubation  time  30  min¬ 
utes.  X200. 


Fig.  2.  Gastric  mucosa  of  an  adrenal- 
ectomized  rat.  Leucine  aminoiiejitidase 
activity  is  dejiressed.  Incubation  time  .30 
minutes.  X200. 


THE  ENDOCRINE  SOCIETY 

The  1901  Annual  Meeting 

The  Forty-Tliird  Annual  Meeting  of  the  huulocrine  Society  will  he  held 
in  the  Hotel  Biltinore,  New  York,  N.  V.,  Thursday,  Friday  and  Saturday, 
June  22,  2S  and  24,  1961. 

The  Scientific  Sessions  will  he  held  from  9:00  a.m.  to  5:00  p.m.  daily  and 
in  addition  there  will  he  simultaneous  afternoon  sessions.  The  annual 
dinner  is  scheduled  for  F riday,  June  2'.i,  at  7  :;10  p.m.,  preceded  hy  cocktails 
at  ()::10  P.M. 

.\11  memhers  are  urged  to  make  their  hotel  reservations  immediately. 
The  Biltmore  will  hold  :100  bedrooms  for  memhers  until  May  1,  1901,  after 
which  time  the  hotel  will  not  guarantee  further  reservations.  Therefore 
it  is  imperative  that  you  make  your  reservations  early,  directly  with  the 
hotel,  advising  them  of  time  and  ilate  of  arrival  and  departure.  If  you  plan 
on  remaining  through  June  20  for  the  American  Medical  A.ssociation  and 
other  meetings,  it  is  imperative  that  your  reservations  he  made  from 
June  20  on  directly  through  the  A.M. A.  Housing  Bureau.  Make  your 
re.servations  early  and  avoid  disappointment.  Hotel  reservation  card  will 
he  mailed  to  memhers  shortly  after  January  1,  1901. 

Final  program,  memhership  card  and  advance  registration  forms  will 
he  sent  on  May  1,  19()1  to  memhers  whose  current  dues  have  been  paid. 

Those  wishing  to  present  papers,  which  will  he  strictly  limited  to  ten 
minutes,  should  send  an  original  and  four  copies  of  the  title  and  abstract 
to  the  Vice-President,  Dr.  Hoy  Hertz,  National  Cancer  Institute,  Be- 
thesda,  Maryland,  not  later  than  February  15,  1901.  It  is  imperative  that 
the  abstracts  he  informative  and  complete  with  results  and  conclusions 
— not  a  statement  that  those  will  he  presented  at  the  meeting — in  order 
that  they  may  he  of  reference  value  and  suitable  for  printing  in  the  pro¬ 
gram.  The  reading  and  processing  of  approximately  two  hundred  abstract^ 
submitted  each  year  and  compiling  of  the  program  from  these  involv'es  a 
tremendous  amount  of  time  and  effort  on  the  part  of  the  Program  Com¬ 
mittee. 

THE  COUNCIL  BEQUESTS  THAT  AUTHORS  ADHERE  STRICTI2' 
TO  THE  FOLLOWINO  RULES  WHEN  SUBMITTING  ABSTRACT.\ 
OTHERWISE  THEY  CANNOT  BE  CONSIDERED: 

1.  IT  IS  ASSUMED  THAT  ABSTRACTS  SUBMITTED  FOR  Till  > 
PROGRAM  HAVE  NOT  AND  WILL  NOT  BE  SUBMITTK  ) 
ELSEWHERE. 

2.  Abstracts  may  not  exceed  two  hundred  words,  or  equivalent  spac  , 


ISO 


.lauunry,  l!f61 


THK  EXDOC’HIXE  SOCIETY 


1S7 


exclusive  of  title.  Xo  footnotes  or  acknowledgements  to  sponsors  can 
l)e  published.  Reference,  if  used,  must  be  placed  in  the  body  of  the 
text.  The  abstract  should  consist  of  a  single  paragraph,  if  possible. 
Structural  chemical  formula  cannot  be  used. 

:i.  The  title  heading  must  be  arranged  as  follows: 
bine  1.  Title,  not  to  exceed  fifteen  words; 

bine  2.  Author  s.  The  name  of  each  non-member  author  collal)o- 
rating  with  member-authors  is  to  be  followed  by  the  phrase 
“(by  invitation)”.  Names  of  non-members  who  are  intro¬ 
duced,  i.e.,  who  are  not  collaborators  with  member-authors, 
are  to  be  followed  by  the  phrase  “(introduced  by  .  .  .)”.  The 
principal  degree,  e.g.,  M.I).,  of  each  author  should  be  writ¬ 
ten  after  his  name. 

bine  8.  Institution  of  origin  and  city  in  which  institution  is  located. 


ERRATUM 

In  the  article  entitled  “Interpubic  bigament  Regression  in  Relaxin- 
'I'reated  Virgin  and  Primiparous,  Post-Partum  Mice”  by  l*b  11.  Horn  which 
a|)peared  in  Endocrinoloyn,  67:  OtiS.  19()()  the  figure  given  in  Table  2  for 
interpubic  ligament  length  .(mm.)  of  (Iroup  7  should  read  1.94  instead  of 
1.04. 


SEVENTH  INTERNATIONAL  (X)NGRESS  OF  NEUROLOGY 
(Rome,  10  15  September  1961) 


FIFTH  INTERNATIONAL  (X)NGRESS  OF  ELECTRO-  , . 

ENC'EPHALOGRAPHY  AND  ('LINK'AL 

NEUROPHYSIOLOGY  ^ 

(Rome,  7-13  Septembeu  1961)  U 

The  Seventli  International  Congiress  of  Neurology  will  he  held  in  Home,  i 

September  10-15,  1961,  under  the  auspices?  of  the  World  Neurologic  h’ed-  9 

eration  and  of  the  National  Institute  for  Nervous  Diseases  and  Blindness  ||| 

of  Bethesda. 

The  Congress  will  have  three  categories  of  membership:  Active  member,  ^ 
open  to  members  of  the  constituent  national  neurological  societies;  Asso¬ 
ciate  ynember,  open  to  qualified  physicians  and  scientists  having  an  interest 
in  the  Congress;  Adjunct  member,  open  to  interested  non-professionals  and  |j 

to  families  of  members  of  the  Congress,  Begistration  fees  are  Slo.OO  (or  || 

ecpiivalent  in  Italian  lire)  for  Active  irembers;  SIO.OO  for  Associate  mem-  g 

bers,  So.OO  for  Adjunct  members.  Baiupiet  and  dance  will  be  held  in  the  ;|] 

Palace  of  “Tradizioni  Popolari”  Tuesday  evening,  September  12,  1961.  ;|| 

Tickets  for  the  baiujuet  8S,  dance  S3,  total  Sll,  must  be  purchased  at  tlie  Ij 

time  of  registration  and  are  not  refundable. 

.Vny  information  is  available  from  the  President  of  the  Congress,  Prof.  || 
Mario  Gozzano  or  from  the  Secretary  General,  Dr.  Giovanni  Alema,  to  the  ■ 
address  of  Viale  Universita  30,  Rome.  For  the  Symposium  of  Neurochein-  | 
istry,  information  should  be  asked  from  Dr.  Armand  Lowenthal,  Secretary  |; 
for  Neurochemistry,  within  the  World  Federation  of  Neurology,  59,  rue  || 
Philippe  Williot,  Berchem-Anvers  (Belgium).  For  the  Symposium  of  Nemo-  |i 
logical  Genetics  information  is  obtainable  from  Prof.  Luigi  Gedda,  Istituto,  3 
Gregorio  Mendel,  Piazza  Galeno  5,  Home.  P’or  United  States,  designated  9 
from  the  United  States  Joint  Committee  on  International  Neurological  ;■ 
Affairs  as  National  Delegate  is  Dr.  James  L.  O’Leary,  M.D.,  Washington  || 
University  School  of  Medicine,  600  S.  Kingshighway,  St.  Louis  10,  Mo.,  1 
who  will  receive  issue  forms,  registration  applications  and  fees,  and  to  le-  m 
ceive  and  transmit  communications  to  the  Secretary  General.  m 

The  Vth  International  Congress  of  Electroencephalography  and  Clini  al  M 
Neurophy.siology  will  be  held  from  the  7th  to  the  13th  September  1961  ■ 

Any  information  is  obtainable  from  the  President  of  the  Congress,  P  of.  I 
Mario  Gozzano,  or  from  the  Secretary  General,  Dr.  Raffaello  Vizioli,  V  ile  * 
Universita  30,  Roma. 

General  Treasurer  for  both  Congresses  is  Dr.  Gian  Franco  Ricci,  at  lie 
same  address. 


